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I FIDLER I Field Instrument for the Detection of Low Enemy Radiation I 
. . .  

Mlnlmum Detectable Activity . -  
. .  . .  . .  

MDA 
MDL Methad Detection Limit 
mgk milligrams per liter 
Mo ' molybdenum -h 

. .. 
.i . .  . ' . +. .. 

North 
not applicable I 

Na 
Ni 

NPDES 
NSD 
. NSQ 
NTU 
P 
PA 
pCilg 
pCiR 
PNNL 
POC 
POE 
Pow 
PU 

N d  

RFCSS 
RFETS 

RMRS 

December 2004 

nitrate 
National Pollutant Discharge Elimination System 
New Sowce Detedion 
NonSufficient Quantity 
NephlomeMc Turbidity Vnl  
phosphorus 
Protected Area 
picoCurie per gram 
picocurie per liter 
Pacific Northwest National Laboratory 
Point of Compliance 
Point of Evaluation 
Publicly Owned Treatment Works 
plutonium 
Resource Conservation Recovery A d  
Rocky Flats Cleanup Agreement 
Rocky Flats Closure Site Services 
Rocky Flats Environmental Technology Site 
Rocky Flats Field 
Rocky Flats Project ofnce 
Remedial InvestigationlFeasibility Study 
Rocky Mountain Remediation Services 
Relative Percent Difference 

I 

vii 



._. . . . .  . .  .. - ~. 
% _ .  

1,2 

. "  . . . .  

OS-RF-00087 
Final Source Evaluation Reportlor Points of Evaluation GSJO, SW027, andSW093: Water Year 2004 

.. I 

. . .  
I .- . . . . .  

; .', .. c . . . . . . . . .  
. .  -,., ",..*.. . .  . .  

... . ,".,.. . 
. .  ..... ...a, % .~ 

. .,. . 
. I . j  ... r:.. I .  . . . . .  

.:, ..c I . . . . . . .  
. . .  , .  . .  

December 2004 
I :  

4 

... 
VI11 

. .  . .  



December 2004 

. . . . . . .  .._.-. . .  

. . . .  05-RF-00087 
Final Source Evaluation Reportfor Points ofEvaIuaiion GSIO. SW027. and SW093: Water Year 2W4 

. .  

. .  
. ...* .. . . .  

. .  . . .  ..I 

. . : ,. .. ' I ,  

. . .  . .  

This page intentionally left blank. 

; .  . . .  

. . . .  
: . _  . . . .  8 

ix 



05-RF-00087 
Final Source Evaluation Report for Points ofEvahation GSIO, SW027, and SW093: Water Year 2004 

I. EXECUTIVE SUMMARY 
Rocky Flats Environmental Technology Site personnel have completed the most recent source evaluation related 
to the possible cause(s) of reportable 3O-day moving average values for plutonium (Pu) and americium (Am)’ at 
the Rocky Flats Cleanup Agreement (RFCA; CDPHE et al, 1996) Points of Evaluation (WE) monitoring 
locations GSlO, SW027, and SW093 (Figure 1-1). This report provides evaluations for observations through 
Water Year 2004 (WY2004) and does not include summaries of more recent elevated americium observations 
after September 2004 at sampling location SW093. Those elevated observations will be reviewed and reported in 
a pending supplemental addendum to this document. The reportable values for WYO4 may be summarized as 
follows: 

First reported on June 17.2004 (04-DOE-00430), reportable values were observed at the POE monitoring 
location on S. Walnut Creek upstresm of the B-Series Ponds (referred to as GS 10) during the period 
February 20,2004 through Aujpt 4,2004. 

First reported on September 17,2004 (04-DOEMM89), reportable values wece observed at the POE 
monitoring location on the South Interceptor Ditch upstream of Pond C-2 (refixred to as SW027) during 
the period June 22,2004 througb August 18,2004. 

First reported on July 7,2004 (WDOEM)490), reportable values were observed at the POE monitoring 
location on N. Walnut Creek upstmam of the A-Series Ponds (referred to as SWW3) during the period 
April 1 1,2004 through July 23,2004. 

0 

When reportable values are measured at a POE, RFCA requires the Department of Energy (DOE) to notify the 
RFCA parties and submit a plan far “source evaluation“. RFCA requires a source evaluation for POEs when 
specific constituents are measured above Action Levels; this Report llfills that requimmnt.’ 

This Source Evaluation Report includes data collection and evaluation as outlined in the respective source 
evaluation plan letters (GS10,7/1/04,04-DOE-00489; SW027,9/17/04,04-DOE-00689; SW093,7/22/04,04- 
DOE-00544). This report also builds on the results of the previously completed Source Evaluation Reports: 

0 GSlO (RMRS, 1997b, 1997c, 1998a, 1999% and2001d); . 
SW027 (RMRS, 1998c and 2001b); and 

SW093 (RMRS, 1997b, 1997c, 1998% and 1999b; URS, 2003p). 
* t i  

For this report Site personnel have extensively evaluated environmental data and assessed Site activities. Site 
personnel conclude that the likely sources of the reportable 30-day moving average values at GS10, SW027, and 
SW093 are the following: 

. .  

. .  .. . . .  

0 Based on the details regarding recent Site activities, it is concluded that various Decontamination & 
Decommissioning (DBD), demolition, construction, ER, and excavation operations resulted in increased 

’ In this report, ‘plutonium’ or ‘F’u’ refers to F’u-239,-240 and ‘americium’ or ‘Am’ refers to Am-241. 

* The RFCA requires reporting ‘’when contaminant concentrations in Segment 5 exceed the Table 1 action Iev&” and that 
“source evaluation will be required”. Further, RFCA states “if mitigating action is appropriate, the specific actions will be 
determined on a case-by-case basis, but must be designed such that surface water will meet applicable standards at the POCs“ 
(Points of Compliance). 
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transport of low-level contamination associated with suspended solids in surface water that are likely to 
have resulted in the recent reportable values measured at the GSlO, SW027, and SW093. 
A shift in WAm' ratios toward a higher relative abundance of Pu at GS10, SW027, and SW093 in WYO4 
suggest increased actinide contribution fiom areas with higher PdAm ratios, such as the 903 Padnip and 
B779 areas. 
The loading analysis also indicates that the 903 Padnip and B779 areas were the largest contributors of 
recent Pu and Am loads to GS10, SW027, and SW093. 
Pu and Am suspended solids activities at GSlO show no change in WYO4. In conjunction with the 
increased activities at GSIO, this suggests increased transport of suspended solids with contamination 
similar to past years, and not a significant new source tenn. 

Pu and Am suspended solids activities at SW027 and SW093 show a significant increase in WYO4. In 
conjunction with the increased activities at these locations, this suggests the increased contribution of 
relatively more contaminated areas, and/or sediment transport from previously non-contributing areas or 
s o w  tenns. For roughly the same period, similar pattems tve noted for samples collected at locations 
monitoring the 903 Pad/Lip and B779 areas. 

WYO4 turbidities (as an indication of total suspended solids [TSS]) at GS 10, SW027, and SW093 relative 
to flow rate are generally higher than for WY03 and prior data. This suggests that soils in these drainages 
are more susceptible to transport for a given flow rate than for previous years. Similarly, WYO4 TSS data 
at these locations also show higher values relative to flow rate than for previous years. A similar 
relationship is noted for samples collected at locations monitoring the 903 Padnip and B779 areas, prior 
to the implementation of enhanced erosion controls. These pattems suggest that the recent higher 
activities at the POES may be tbe result, at least in part, ofthe inmd transport oflegacy contamination 
associated with soil and sediment, and not any new source conhibution. 

Targeted erosion controls have proven to be effective in reducing sediment transport and associated 
contamination at selected locations. This is especially true for monitoring locations upstream of the PO& 
and nearer to the source terms. Data evaluation also suggests that the enhanced BMPs have been 
effitive at reducing both runoff and erosion. As soils stabilize and vegetation is reestablished, continued 
waterquality improvement is expected 

The Site is implementing an aggressive program of erosion control to prevent the movement of soils and 
sediments and to protect storm water and surface-water quality. The increased activities of building removal and 
soil disturbance require rigorous erosion control methods. A number of control metbods are currently being used, 
from straw bales and wattles to soil tackifiers and erosion blankets. Ultimately, disturbed sites are revegetated. 

Immediately following confinnation of reportable values at GS10, SW027;kd SW093, a preliminary loading 
analysis was performed that identified multiple subdrainages as contributors to these PO&. Since the majority of 
Pu and Am is transported in surface water attached to particulate matter (suspended solids), a number of erosion 
controls have been added to these Site drainages. To augment the preexisting erosion methods the Site has been 
routinely using, additional controls were installed in these subdrainages starting in June 2004. Localized controls 
in ditches have been added in the fonn of straw wattles, straw bales, and silt fences. Area controls have been 
applied to disturbed soils in the form of erosion matting, hydromulch and seed, and tsckifier (in many cases 
exclusion boundaries have been established to prevent vehicle traffic). These erosion controls have been installed 
throughout the POE drainages based on field walkdowns and monitoring data analysis identifjing areas of 
sediment transport and specifically for projects likely to impact surface water. 

The Site's proposed course of action includes: (1) continuing observation (routine monitoring), and (2) 
installation and maintenance of enhanced erosion controls in the drainage m a s  upstream of GSlO as part of the 
overall Closure process. Effective Best Management Practices (BMPs), such as the use of the existing terminal 
ponds to clarify stormwater of potentiallycontaminated sediment and particulate matter, will also be 
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continued Specifically, the Department of Energy (DOE) and the Kaiser-Hill (K-H} Team propose the following 
actions as the path forward: 

0 Continued observation and ongoing data interpretation to provide better understanding of actinide 
transport directly related to the operation of the Site automated surface-water monitoring network and the 
effectiveness of erosion controls; 

Implementation and maintenance of enhanced erosion controls as an integral part of Site Closure; 

Continued use of the existing retention ponds as an effective BMP to clarify stormwater containing 
potentially contaminated sediment and particulate matter; and 

4 -  

Continued reporting as appropriate. 

. .  

I 
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2. SOURCE EVALUATION FOR POE GSlO 
The following source evaluation is provided in accordance with the Final Roc& Flats CIeanup Agreement 
(RFCA) (CDPHE et al., 1996) (Attachment 5, §2.4(8)) under “Action Determinations”. The RFCA requires 
reporting “when contaminant concentrations in Segment 5 exceed the Table 1 action levels” and that ‘’source 
evaluation will be required”. Further, RFCA states “if mitigating action is appropriate, the specific actions will be 
determined on a case-by-case basis, but must be designed such that surfaie water will meet applicable standards at 
the POW’. 

Specifically, this source evaluation addresses the Site notification(s) of reportable 3O-day moving average values 
for Pu and Am waterquality results at the POE monitoring location GS10, located just above Pond B-1 in South 
Walnut Creek. Reportable values for Pu were measured for the period 2/20 through 8/4/04 inclusive, using 
validated data. Additional data recently received but not validated may extend the Pu event through 8/29/04. 
Reportable values for Am were also measured for the periods 2/20 through 5/9,5/19 through 512 1, and 7/27 
through 8/4/04 inclusive, using validated data. Additional data recently received but not validated may extend the 
Am event through 8/18/04. The end of the reportable period(s) will be determined when the Site receives 
subsequent analytical results. 

This evaluation for WaInut Creek monitoring station GSlO covers data received through 10/6/04. The following 
are included in this section: 

0 

0 

0 

Evaluation of ongoing automated surface-water m o n i t h g  within the GS 10 drainage 
Estimation of actinide loads within the GS 10 drainage area 

Evaluation of waterquality trends and comlations within the GSlO drainage area 

A brief discussion of implemented erosion controls, and 

A brief assessment of D&D, ER, and Site Closure projects 

2.1 HYDROLOGY 
South Walnut Cmek Flow Controls 

All IA surface-water runoff that flows into North Walnut Creek, South Walnut Creek, or the SID is collected by a 
system of stormwater retention ponds. The ponds serve three main purposes for surface-water management: (1) 
storm water retention and settling of sediments, (2) water storage for sampling prior to release, and (3) emergency 
spill control in those instances where a spill cannot be adequately managed without use of the ponds. 
GSIO is the POE for IA dace-water flows to South Walnut Creek. Surface water in South Walnut Creek is 
routed through the B-Series Ponds (Figure 2-1). Steps in the water collection and transfer process are briefly 
outlined as follows: 

1. Runoff from the south-central IA flows through the Central Avenue Ditch past monitoring location 
SW022, and then past GSlO (during high runoff periods, some water in the Central Avenue Ditch 
overflows to a large gnp and flows directly to GSIO; shown by the blue line in Figure 2-1). 

2. Runoff from the central IA flows directly to GS 10. 

3. Runoff from GSlO then flows downstream through conveyance structures, through Pond B-4, and then to 
Pond B-5 where it is detained, and 

4. Water detained in Pond B-5 is discharged periodically in batches to Walnut Creek. 
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Flgum 2-1. Hydrologic Routlng Diagmm for PO€ GSlO (wyO3-04). 
7 %  

As indica@ above, all of the LA runoff that flows into South Walnut Creek is dtimately routed to Pond B-5, 
detained, and sampled prior to being released to lower Walnut Creek. There is no source of IA runoff to South 
Walnut Creek that can eater lower Walnut Creek without first passing through the pond system for subsequent 
batch discharge from Pond B-51 

2.2 GSlO MONITORING RESULTS 
As specified in the IMP, Site personnel evaluate 3-y moving average values' for selected radionuclides at POE 
surface-water monitoring location GS10. Recent evaluations of waterquality measurements at POE GSlO 
showed reportable values for Pu and Am requiring notification and source evaluation under the RFCA ALF. 
Results for recent 3O-day moving average values using available data at GSlO are summarizedbelow in Table 2-1 
and are shown on Figure 2-2. 

A gate structure exists immediately below SW022 that can I: configured to allow Central.. venue Ditch water to flow 
directly to Pond B-5. However, this gate is normally configured to direct flows to GSIO. 
' The method for calculating 30-day averages in given in Appendix B.l'- Analytical Data Evaluation Methods in the RFETS 
Automated Surface-Water Monitoring: WY03 Annual Report .(URS, 2004). 
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Date@) of 30.Day Date&) of Maximum 30- Volume-Weighted 
Location Parameter Average Requlrhrg Yaxlmum 30- Day Average Average for Water 

Reporting Day Average @CIA) Yea9 (~CUI) 
GSlO Pu-239,240 2/20 - 8/29/04 8/15 - 8/18/04 0.63 WY04': 0.382 
GSlO -241 2/20 - 5/9/04: 411 0104 0.26 WY04': 0.153 

5/19 - 5/21/04; 
_I 7/27 - 8/18/04 
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Figure 2-2. PO€ MonHodng Statlon GSIO: 3GDay Volume- Welghted Average Values ibr pu and 
Am ActMitles (W1196 - 8/29/04). 

2 

The analytical results for the composite samples collected around the period of reportable values have been 
validated through 8/4/04. A review of historical GSlO monitoring data shows that these results are somewhat 
higher than usual, though not as high as results associated with previous reportable periods. It should be noted 
that sample results greater than 0.15 pCf i  during WYO4 were more ftequent than in previous years, when 
reportable periods were due to higher, less fiequent results. During the period of continuous flow-paced 
monitoring under RFCA, there have been multiple occurrences of reportable 30-day average values for both 
analytes (Figure 2-2). The reportable measurements generally occur during periods of increased stormwater 
runoff in the spxing and summer months (Figure 23), with higher results generally occurring for larger runoff 
events when more solids are transported Individual composite-sample results for GS 10 are listed in Table 2-2 
and plotted in Figwe 2-4 for the period of interest. 

A Water Year is defined as the period from October 1 through September 30. The term water year i s  abbreviated as WY; 

Through 8/29/04 

e.g. Water Year 2003 is WY03. 
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Flgure 2-3. Monltorlng Station GS70 Hydrograph with Individual Sample Results and Sample 
Period Bars: 12/29/03 - 8130104. 
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EJgunt 2-4. Monitoring Station GS10 Hydmgraph with Individual Sample Results and Enor Bars: 
12129103 - 8l30104. I 

All water monitored at GSlO flows to Pond B-5 aud eventually is batch discharged to lower Walnut Creek.' Pre- 
discharge samples of the water in Pond 8-5 indicated acceptable water quality prior to all planned discharges 
during the reportable periods. All PU and Am analytical r e d s  from composite samples collected at POC 
monitoring station GS08 (Pond B-5 outfidl; Figure 2-1) during the FebruaryMarch, May, and July 2004 Pond 5 5  
discharges were well below 0.15 pCilL (Figure 2-5), and there were no reportable 30-day average values. 
Analytical results from GS08 for the September/October (9123 - 10/7/04) B-5 discharge had not been received by 
the Site as of 10/6/04. This discharge included flows h m  GSlO during the period 8/3 - 10/7/04. 

All water discharged from Pond B-5 to Walnut Creek subsequently flows h u g h  RFCA POC GS03 at the 
eastern Site boundary. Pu and Am analytical results 6om composite samples collected at GS03 during the 
FebruaryMarch, May, and July 2004 Pond B-5 discharges were all well below 0.15 pCin (Figure 24, and there 
were no reportable 3O-day average values. Analytical results &om GS03 for the September/October Pond B-5 
discharge had not been received by the Site as of 10/6/04. 

-. 
I 

' Some Pond B-5 water is occasionally pump transferred to Pond A-4. 
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2.3 DATA SUMMARY AND ANALYSIS 

The following data evaluation for GSIO includes all surface-water data available as of 10/6/04. Monitoring data 
were extracted from the Site Soil-Water Database (SWD) or taken from hardcopy analysis reports for the 
locations of interest and subsequently reconciled against SWD. The following list describes the environmmtal 
data compilation process: 
0 Individual sample result values are calculated as arithmetic averages of real and field dupIicate results when 

both results are from the same sampling event. ' 
When available, Site-requested laboratory reruns are averaged with initial runs for the same sampling event! 

Laboratory duplicate and replicate QC results are not used. 
When negative values for actinide measurement are returned fkom the laboratories due to blank correction, 0.0 
pCi/l is used in the calculations. 

0 

0 

0 Only total radionuclide measurements are used, and % i 

Data that did not pass validation (rejected data) are not used. ' 

2.3.1 

AU surface-water isotopic data are either verified or validated, based on criteria determined by Analytical Services 
Division (ASD), or at the special request of the customer. Approximately 75% of all isotopic data are verified 
and the remaining 25% are validated. Validation is typically determined randomly for each subcontracted 
laboratory, based on the specific analytical suites. This d m  validation selection may or may not routinely 
include POE or POC locations. However, when reprtable values are observed, all analytical results used in the 
calculations receive formal validation. 

Veriflcatlon and Valldation of Surface-Water Analytical Results 

For samples collected at GSlO during the reportable periods, all isotopic data not randomly selected for validation 
were specifically submitted for validation at the request of Site personnel. All isotopic data package validation 
was performed by a subntractor to ASD, and all packages during the kportable period through 8/4/04 were 
considered valid. Validation for subsequent data is pending. 

2.3.2 Actinide Data Summary 
Since 3/3/98, five upstream automated monitoring ldcations have been operating as part of the continuing source 
evaluation for GSlO as a response action to repoltable Pu and Am measurements during WY97. These locations 
are GS27, GS38, GS39, GS40 and SW022 (Figure 2-7). Additionally, GS43 was installed on 6/1/99, GS50 was 
installed on 3/28/01, GS28 was installed on 2/19/02, GS57 was installed on 3/13/02, and SW021 was installed on 
5/6/03. These stations were installed or upgraded to monitor subdrainages that are tributary to GS10. These 
locations are operated Source Location monitoring stations to characterize water quality and specifically measure 
Pu and Am loads fiom the respective subdrainages in an attempt to identify any discrete source areas. Summary 
statistics for sample results from these locations are shown in Table 2-3. The activities for GS27 are arithmetic 
averages since this location has historically sampled only selected storm events. Continuous flow-paced sampling 
is used for GSIO, GS28, GS38, GS39, GS40, GS43, GSSO, GS57, SW021, and SW022 and volume-weighted 
average activities are given in Table 2-3. 

, .  , I  * Radionuclide data pairs are averaged when the Duplicate E& Ratio (DER) is less than 1.5 (see Appendix Section B.1 - 
Analytical Data Evaluation Methods in the RFETS Automated Surface-Water Monitoring: WYO3 Annual Report). 
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Figure 2-7. Automafed Surface-Water Monitoring Locatlons and Corresponding Subdrajnage 
Areas Tributary to GSlO. 

Table 2-3. Summary Stetistics for Samples from GSlO and Monitoring Locations Tributary to 
GSIO: 5/6/03 fo Present 

Note: 'Some rtsults rejected through validahon 
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Figure 2-8 shows the average annual activities at GSlO for WY97 - WYW9. Due to the continuous flow-paced 
sampling protocols currently in place under RFCA, the more representative volume-weighted average activities 
are shown. It is important to note that although repo-ble 30-day average values occurred in WY04, the volume- 
weighted average is comparable to the activities for other years, with a small change toward more Pu and less 
Am. This suggests that actinides have been available for transport to GSlO for some time, but that the recent 
measurements at GS 10 may be due to increased contributions ftom an area with higher P u l h  ratios, such as the 
903 Pad area. 
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Figure 2-8. Average Annual Pu and Am Actvltles at GSlO: WY97-04. 

2.3.3 Annual GSlO Loads 
Annual actinide loads for GSlO in micrograms (log-scale) are plotted in Figure 2-9 to show long term loading to 
GSlO. For WY97-WY03, the activity for each flow-paced composite sample is multiplied by the associated 
discharge volume to get pCi, then converted to micr~grams'~ and totaled annually. The WYO4 loads are 
comparable to the loads for previous years, with a small change toward more Pu and less Am. This suggests that 
actinides have been available for transport to GSlO for some time, but that the recent measurements at GSlO may 
be due to increased contributions from an area with higher WAm ratios, such as the 903 Pad area. 

._ ... 

For WYO4 the average shown is through 8/29/04. 

Picocuries of Pu are multiplied by 14.085 to get picograms, and divided by IO6 to get micrograms. Similarly, picocuries of 
Am are multiplied by 0.292 to get picograms, and divided by IO6 to get micrograms. 
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Figure 2-9. Annuel hr and Am Loads et GSIO: WY97-04. 

2.4 RELATIVE LOADING ANALYSIS 
This loading analysis urn data from all automated monitoring locations that are tributary to GSlO (Figure 2-7). 
These locations are GS27, GS28, GS38, GS39, GS40,OS43, GS50, GSS7, SW021, and SW022. The analysis is 
performed for two overlapping time periods based on the operational periods for two p a p s  of locations. For the 
first period, 3/13/02 to 8/19/04, monitoring locations GS27, GS28, GS38, GS39, G W ,  GS43, GS50, GS57, and 
SW022 were all operational. For the second period, 5/6/03 to 8/19/04, monitoring locations GS27, GS28, GS38, 
GS39, GS40, GS43. GS50, GS57, SW021, and SW022 were all operational. 
The 100,300,400,500,600,800, and 900 Areas all contribute runoff to SW022 via the Central Avenue Ditch. 
During high flows, a portion of the flow in the Cent+ Avenue Ditch overflows to a 48-inch pipe which leads 
directly to South Walnut Creek, bypassing SW022, as indicated by the blue flow line in Figure 2-1. This 
upstream flow bypass results in the calculated load for SW022 to be an underestimate of the total Central Avenue 
Ditch subdrainage area wntriiution to GS10. 
Table 2-4 gives location and drainage basin detail for the monitoring locations used in this loading analysis. The 
hydrologic connectivity of these locations is shown in Figure 2- 1. 
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GS40 

GS43 

GS50 
GS57 
sw021 
sw022 

. . . . .  -. . . . .  . .  

. . . .  

8.1 acres 
Culvert east of 750 pad draining 700 Area to 700; 
S. Walnut Creek 25.8 acres 
Drainage ditch NE of BB88 8888 area; 

3.2 a m s  
Ditch north of 6990 Solar Ponds area, 900; 9.3 acres 
Ditch NE of 8444 Area 400; 8.6 acres 
Pipe draining B991 area to S. Walnut Creek B991 area; 25 acres 
East end of Central Avenue Ditch at Inner 100.300,400.500,600,800,900 

76.1 acres East Fence 
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Table 24. Locarion and Drainage Basin Detail. I 

Locationcode I Location Detail I Contributing Areas 
GSlO 1 S. Walnut Creek 40 feet upstream of the El I 100,300,400,500,600,700,800,900; 

I Bypass 1 173.1 acres 
GS27 I Drainaae ditch NW of 6884 1 Area south and west of E3884; I 

~ ~- 

I 7 I 0.4 acres 
GS28 I Ditch NW of 8865 10’ above Central Ave. I 800; 2.8 acres 1 -~ I Dltch I 
GS38 I Central Avenue Ditch at 8” Street 1 100,300,400,500.600; 

I 1 40.7 acres 
GS39 1 Drainage ditch north of 904 Pad 1 903 Pad, SO4 Pad, Contractor Yard; 

For GS27, loads for any period are calculated by multiplying an estimat+ overall activity” by the comsponding 
discharge measured at the gage, and then c o n v h g  to micrograms.“ The following methods werc selected to 
estimate a range of loads for GS27: 

The annual arithmetic average activity is multiplied by the co&nding measured annual discharge volume 
to estimate annual loads. The annual loads are then totaled for the analysis period. 
The overall S ~ ~ S O M ~  arithmetic average activity is multiplied by the corresponding measured total seasonal 
discharge volume for each year to estimate seasonal loads. The seasonal loads are then totaled for the 

The overall median activity is multiplied by the measured annual discharge volume to estimate annual Ioads. 
The annual loads are then totaled for the analysis period. 
The seasonal arithmetic average activity for each ye= is multiplied by the corresponding measured seasonal 
discharge volume to estimate annual loads. The annual loads are then totaled for the analysis period. 

0 

analysis period. 

0 

0 

’ I  Various methods were evaluated to estimate an overall activity at GS27. These included averages (annual, seasonal, 
monthly), medians (annual, seasonal, monthly), geometric means, the minimum variance unbiased estimator (MVU), and the 
simple estimator (Gifbert, 1987). 

‘ I  Storm-event sampling collects samples during the rising limb of a direct runoff hydrograph following a precipitation event. 
The highest TSS measurements, and corresponding Pu and Am activities, are typically measured during these hydrologic 
conditions. Therefore, simple arithmetic average activities using these sample results would be expected to be biased high 
relative to the ‘true’ mean activity for a given location. Additionally, actmide waterquality variation tends to be lognormal, 
and also varies with flow rate, season, stom size, and time. Therefore, various activity estimation techniques and periods arc 
used to calculate a range of estimated loads. 
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0 The seasonal median activity for each year is multiplied by 'the corresponding measured seasonal discharge 
volume to estimate annual loads. The annual loads are then totaled for the analysis period. 

The loads estimated for GS27 are summarized in the following analysis by using the average estimated loads from 
the various methods. 

2.4.1 
The loading analysis in this section uses all available data for the period 3/13/02 through 8/19/04 from GSlO and 
the nine upstream Source Location monitoring stations (GS27, GS28, GS38, GS39, G W ,  GS43, GS50, GS57, 
and SW022). This loading analysis does not address the attenuation of actinides as they are transported from one 
monitoring location to the next. The analysis assumes that as the period of sampling is increased, the temporal 
effects of actinide transport will not significantly affect the relative loads from the various subdrainages. The 
hydrologic connecth6ty of these locations is shown in Figure 2-10. 

Relative Subdrainage Loads: March 13,2002 through August 19.2004 

To GS03 
via Walnut 
Creek 

-_ ---/- -- -- - 

Figure 2-10, Hydmlogic ConnecUvity of Mbnftorlng Locations TribuiarJ 

I 

to GSfO (as of 3/13/02). 

Table 2-5, Figure 2-12, and Figure 2-1 3 indicate that multiple hbdrainages are contributing the majority of the Pu 
load estimated at GS10 the area directly tributary to GS38, GS39, GS40, the area directly tributary to SW022, 
and the area directly tributary to GS 10. Additionally, analysis shows that the Pu loads !?om GS39 and SW022 
have increased significantly in WYO4 (Figure 2-16 and Figure 2-17). This suggests that recent projects impacting 
the GS39 and SW022 drainages, especially the 903 Pad remediation, may have negatively impacted wata quality. 

Table 2-5. Figure 2- 14, and Figure 2- 15 indicate that the GS40 subdrainage is contributing the majority of the Am 
load estimated at GS10. The majority of this Am load at GM0 coincided with culvert clean-out activities on the 
east side of the 750 Pad during WY03 (see WY02 Surface-Water Annual Report; URS, 2003b). WYO4 Am loads 
at GS40 have decreased 60% from WY03 loads, though GS40 is still a significant contributor of Am load to 
GSlO. Additionally, analysis shows that the Am loads from both GS39 ahd SW022 have increased significantly 
in WYO4 (Figure 2-16 and Figure 2-17). This suggests that recent projects impacting the GS39 and8WO22 
drainages, especially the 903 Pad remediation, may have negatively impacted water quality. 
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Table 2-5. Comparison of Pu and Am Loads at lrlbutary Locations with GSIO: 3113102 through 
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Figure 2-17. Annual Pu and Am LO8dS at SW022. 
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2.4.2 
The loading analysis in this section uses all available data for the period 5/6/03 through 8/19/04 from GS IO and 
the ten upstream Source Location monitoring stations (GS27, GS28, GS38, GS39, GS40, GS43, GS50, GS57, 
SW02 1, and SW022). This loading analysis does not address the attenuation of actinides as they are transported 
from one monitoring location to the next. The analysis assumes that as the period of sampling is increased, the 
temporal effects of actinide transport will not sigaificantly affect the relative loads fiom the various subdrainages. 
The hydrologic connectivity of these locations is shown in Figure 2-1 8. 

Relatlve Subdralnage Loads: May 6i2003 through August 19,2004 

t .  

& --- 

Flgure 2-18. Hyddogic Connectivity of Monltoring LocedJons Tributary to GSIO (8s of 5/6/03). 

As for the previous loading analysis above, Table 2-6, Figure 2-20, and Figure 2-21 indicate that multiple 
subdrainages are Contributing the majority of the Pu load estimated at GS 10: the area directly tributary to GS38, 
GS39, GS40, the area directly tributary to SW022, and the area directly tributary to GSIO. Additionally, analysis 
shows that the Pu loads from GS39 and SW022 have increased significantly in WYO4 (previously in Figure 2-16 
and Figure 2-17). This suggests that recent projks impacting the GS39 and SW022 drainages, especially the 903 
Pad remediation, may have negatively impacted water -quality. -* , , 

As for the previous loading analysis above, Table 2-6, Figure 2-22, ad Figure 2-23 indicate that the GS40 
subdrainage is contributing the majority of the Am load estimated at GS 10. The loss of Am load to the area 
directly tributary to GS 10 is likely due to losses to the streambed downstream of the monitored subdrainages. The 
majority of this Am load at GS40 coincided with culvert clean-out activities on the east side of the 750 Pad during 
WY03 (see WY02 SW Annual Report; URS, 2003b). WYO4 Am loads at GS40 have decreased 60% from WY03 
loads, though GS40 is still a significant contributor of Am load to GSIO. Additionally, analysis shows that the 
Am loads from both GS39 and SW022 have increased significantly in WYO4 (Figure 2-16 and Figure 2-17). This 
suggests that recent projects impacting the GS39 and SW022 drainages, especially the 903 Pad remediation, may 
have negatively impacted water quality. 

.. 
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Table 2-6. Comparison of Pu and Am Loads at Tributary Locatlons with GSVO: 5/6/03 through 
81 1 9/04 

Location 1 Pu-239,240 Load In I Am-241 Load In pg 
GS10 I 556.2 I . 5.13 

, . .  

' , i .., , .  . .  ;2A18, ':, :. ':. , , r ' ,  .. ,:::.,, . .  :: ,-,, 
. . ( .  

. . . L , . . i  . . .  . . .. 
. , .  . . I  , .:. . 
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Relotlve Dralnage Area Ptutonlum Load Contrlbutlons to OS10 May 6,2003 to August IS, 2004 

134.8 

1 Gs39 

1 n . i  i 

0940 

80.9 

Ilr 
Onfnaga Area 

Figure 2-20. Relative Pu Load ContribUtlqn-Chart . .  L r  for Locations I .  Tributary to GSlO: 5/6/03 
through 8119104. ( . %  

* ’ < \  > 
’ ,  

T 

Flgure 2-21. Relatlve Pu Load Contribution Pie for Locatlons Tributary to Oslo: 5/8/03 through 
811 9/04. 
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Relatlvs Drslnags Area Amerlclum Load Contributions to 0510: May 6,2003 to August 19,2004 

I I I I I 1 - I -  . .- II. 
I I I I I I 6.50 

.AreeDlredlyTrtbutaqbGSlO 

0.03 0.00 0.01 x 0.01 

Os50 Area OS27 G!W GS28 0557 - 
Trlbutaryto 

swo21 
DrPina@eArea 

0.04 

1 -283 

Area 
DfreGlly 

Figure 2-22. Reiatlve Am Load ConMbutlon Chart for Locations Tributary to GSlO: 5/6/03 
through 811 9/04. 

Figure 2-23. Relative Am Load Contribution 1Pie.hr Locatit@ . .  Tributary to GSlO: 516103 through 
8/19/04. 
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2.5 EROSION CONTROL MEASURES 

The Site is implementing an aggressive program of erosion control to prevent the movement of soils and 
sediments and to protect storm water and surface-water quality. The increased activities of building removal and 
soil disturbance require rigorous erosion control methods. A number of control methods are currently being used, 
from straw bales and wattles to soil tackifiers and erosion blankets. Ultimately, disturbed sites are revegetated. 
Immediately following confirmation of reportable values at GS10, a p@imixwy loading analysis was performed 
that also identified multiple subdrainages as contributors to GS 10. The loading analysis above furrher cadi 
the following subdrainages as the dominant Pu and Am load contributors to GSlO: GS38 (area directly tributary), 
GS39, GS40, SW022 (area directly tributary), and the area directly tributary to GS10. Since the majority of Pu 
and Am is transported in surface water attached to particulate matter (suspended solids), a number of erosion 
controls have been added to these Site drainages. To augment the preexisthg erosion methods the Site has been 
routinely using, additional controls wen. installed in these subdrainages starting in June 2004 (see Figure 2-24 
through Figure 2-28). Localized controls in ditches have been added in the form of straw wattles, straw bales, and 
silt fences. Area controls have been applied to disturbed soils in the form of erosion matting, hydromulch and 
seed, and tackifier (in many cases exclusion boundaries have been established to prevent vehicle traflic). These 
erosion controls have been installed throughout the GSlO drainage based on field walkdowns and monitoring data 
analysis identifying areas of sediment transport and specifically for projects likely to impact &'e water. 

Figure 2-24. Erosion Controls In the GS38 Drainage as of 10121104. 
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Figure 2-25. Emslon Controls In the 6539 Ominage as of f012f104. 

Figure 2-26. Erosion Controls in the GS40 Dminage.as,~of~O/2~l~. : <  , , ,..;,'i:., ~. . . . . . .  4. 
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Figurn 2-27. Emsion Controls in fhe Arw Directly i t  Tributaty , I  to SW022 as of 7Ol24104. 
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Figure 2-28. Erosion Controls in the Area Direct/y Tdbutary to GSlO as of 40127104. 
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WATER-QUALIN TRENDS AND CORREGTIONS: GSIO' 2.6 
. . .  

Higher Pu and Am activities began to be measured at GSI 0 starting with the composite sample for the period 2/20 
- 3/8/04 (Figure 2-29). For the period 10/1/02 - 2/19/04, average WAm ratios at GSlO were 0.9. For the period 
2/20 - 8/29/04, average WAm ratios were 2.4, suggesting that rw;ent higher activities  are^ from different areas or 
increased source contributions within existing areas than the activities for previous samples. For roughly the 
same period, a similar pattem is noted for samples collected at both GS39 and W022 (Figure 2-30 and Figure 
2-3 1). Figure 2-32 shows that the higher GSlO WArn ratios are generally associated with the WYO4 period of 
increased Pu loads at GS39 and SWO22." These patterns mer support the conclusion that flows from the GS39 
and SW022 subdrainages have affected water quality at GSlO. 
Though GS40 has been noted to be a significant contributor of both 
show no significant change over WY03 loads, and Ain loads have decreased (Figure 2-33). Furthermore, Figure 
2-35 shows no significant change in Pu activities a decrease in Am activities (this change is also indicated by 
the shift in WAm d o s  shown in Figure 2-34). 
GS40, no reportable values were measured at GSl 0. This observation, coupled with the WYO4 GS40 data, 
suggests that the recent reportable values at GSlO are significantly influepad by runoff from other amas. . 
No significant waterquality improvement due to erosion 'controls has been observed to date for GSlO (Figure 
2-29). This may be caused by the continued transport of residual solids in the flow pathways downstream of the 
new erosion controis. However, data fiom both OS39 and SW022 (Figure 2-30 and Figure 2-31) show a 
measurable reduction in activities for the most recent data. 

Am loads to GSIO, WYO4 Pu loads 

g the WY03 peridd of elevated activities and loads at 

' 3  

Figure 2-29. lndividual Sample Results at GSIO: 1011102- 8129104. 
,..I.. I ., 

.., , . .  , I  

. .  . .  . . . .  .i . (. 

l 3  A significant portion of the load at SWOZZ originates with GS39. Howevk. the loading analysis above shows that the area 
downstream of the monitored subdrainages (the 'area directly tiibutary to SW022') is  also a significant load contributor. . .  
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Figure 2-32. Temporal Variation of PulAm Ratios at GSlO with Da/& Pu Loads at GS39 and 
sw022. 
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Figure 2-33. Annuel Pu and Am Loads at 0540. 
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Ffgurw 2-34. Individual Sample Results at GS40: lOlf101- 911101. 
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Ffgure 2-35. Annual Volume-Weighted Average Pu and Am Activities at GWO. 
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Since PU and Am are transported attached to suspended solids, an increase in suspended solids activity (sample 
activity divided by TSS concentration [PCVgJ) suggests the increased contribution of a relatively more 
contaminated area, andor sediment transport from a previously non-contributing area or source term. Pu and Am 
suspended solids activities at GSlO show no change in WYO4 (Figure 2-36). In conjunction with the increased 
activities, this suggests increased transport of suspended solids with contamination similar to past years, and not a 
significant new source term. A similar pattern is noted for samples collected at GS39 (Figure 2-37). 
A moderate increase in suspended solids activity at SW022 is noted for WYO4 (Figure 2-38). This is likely due to 
the increased contribution of relatively more contaminated suspended solids from the GS39 subdrainage. That the 
SW022 increase is not measured at GS 10 may be due to increased transport of relatively less contaminated solids 
from other areas in the drainage, effectively 'diluting' the contribution from SW022. 
No reduction in suspended solids activity is noted for these locations after the implementation of enhanced 
erosion controls, for the limited data available. 

A. A A e 
\ L 

e t  4 

Figure 2-36. Temporal Variation of Suspended Solids Activity at GSlO: Ail RFCA Data. 
.I. 

- ,  
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FIgum 2-37. Tempoal Vanlatlon of Suspended Solids Acflvify at GS39: All RFCA Data. 
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Since Pu and Am are transported attached to suspended solids, an increase in TSS can result in corresponding 
increases in activity. The amount of TSS in runoff depends on a numbex of factors including the availability of 
disturbed soils (e.g. unconsolidated and unvegetated soil), storm intensity (i.e. precipitation forces), and runoff 
intensity (flow rates). A deviation in the typical relationship between flow rate and TSS suggests increased 
availability of transportable soils. Figure 2-39 shows that WY04 turbidities (as an indication of TSS) relative to 
flow rate are generally higher than for WY03 and prior data. This suggests that soits in the GS 10 drainage are 
more susceptible to transport for a given flow rate than for previous years. Similarly, WYO4 TSS data show 
higher values relative to flow rate than for previous years (Figure 2-40). A similar relationship is noted for 
samples collected at GS39 (Figure 2-41), and to a lesser extent SW022 (Figure 2-42), prior to the implementation 
of enhanced erosion controls. These pattern suggest that the recent higher activities at GSlO may be the result, at 
least in part, to the increased transport of legacy contamination associated with soil and sediment, and not new 
sources. 

A measurable reduction in TSS dative to storm intensity is noted for GS39 after the implementation of enhanced 
erosion controls (Figure 241). This is likely the result of sediment trapping and soil stabilization in the GS39 
subdrainage coupled with a reduction in project activities associated with the 903 Pad mediation. However, 
data from both SW022 and GSlO show no reduction h TSS relative to flow rate (Figure 2-42 and Figure 240). 
This may be caused by the transport of residual solids in the flow pathways downstream of the new erosion 
controls. Additional data are needed to further assess the effects of erosion controls on water quality at GSlO. 
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Figure 2-39. Veriatlon of Mean Daily TurbMlty with Flow Rate et GSlO. 
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Figum 2-40. Variation of Sample TSS with Flow Kate at GSlO. 
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Figure 2-41, Variation olSample TSS with Flow Rate at GS39. 
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Figure 2-42 Vatfation of Sample TSS with Flow Rate at SW022 

2.7 
During the period of reportable values at GS 10, multiple projects within the GS 10 drainage were Occurring. The 
loading analysis and waterquality correlations presented above indicate that project activities associated with the 
903 Pad are likely to have had the most significant impact to waterquality at GSlO. 
2.7.1 903 PadlLip Remediation 
Remediation activities at the 903 Padnip area began in mid-November 2002. The IMIRA for IHSS Group 900- 
1 1 (Kaiser-Hill, 2004b) provides background for this project. The 903 Padnip area flows to both the SID (FOE 
SW027) and South Walnut Creek (POE GS 10). The portion of the 903 Pad tributary to GS 10 is upstream of 
GS39 (Figure 2-43), and all runoff from the area shown on the map is sampled at GS39. The 903 Pad/Lip project 
also included remediation activities in the dirt area north of the East Access Road directly triiutaq to SW022. 
During WYO4, dishlrbed soils associated with the remediation effort were! available for transport in mofX The 
loading analysis above showed that the loads from both GS39 and SW022 increased significantly in W04. 
Figure 2-30 and Figure 2-3 1 both show that activities at GS39 and SW022 increased after the start of the 903 
Padnip project began, coinciding with the normal spring and summer increase in N ~ o W *  Based on field 
observations, runoff from the area contained unusually high levels of suspended solids. Figure 2-45 and Figure 
246 show that TSS concentrations relative to flow rate increased significantly during the same period. 

The existence of significant actinide soil contamination in association with the 903 Pad is well documented The 
fact that the activity of the suspended solids did not increase at GS39 during WYO4 (Figure 2-37) indicates that 
the 903 remediation was successful in preventing migration of the most contaminated soils subject to remediation. 
However, erosion controls appear to have been less effective in preventing increased transport of suspended solids 
with lower levels of contamination (average Pu 1.5 pCi/g, Am 0.3 pCi/g). 

SITE ACTMTIES AND PROJECTS IN AREAS TWBUTARY TO OS10 

" During WY04,91% of the flow at GS39 and 87% of the flow at SW022 0cC;rred during the April through August period. 
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figurn 243. Drainage Area for GS39: 903 Pad Area. 
' 

Figure 2-44. Drainage Area for SW022: 903 Pad Area. 
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2.8 SUMMARY AND CONCLUSIONS 
The Site has completed the wYO4 phase of the ongoing source evaluation for the potential cause(s) of reportable 
30-day moving average values for Pu and Am at the POE monitoring location GSIO. As for previous reports, the 
Site concludes that the likely source of the reportable 30-day moving average values at GSlO is difise actinide 
contamination associated with soils and sediments from past Site operations released to the environment through 
events and conditions over past years. This actinide contamination is transported with suspended solids in 
surface-water runoff during precipitation events. 

Based on the above evaluation, Site personnel conclude that no specific remedial action(s) is indicated at this 
time, other than scheduled remedial actions and closure activities for the Site. The removal of source areas, the 
implementation of enhanced erosion controls, and the reduction of runoff as the Site moves toward closure all 
serve to improve water quality in the long-term. The surface-water monitoring conducted at the Site has provided 
valuable information regarding the near-term impacts to water quality to aid the Closure Projects in developing 
targeted methods for reducing the transport of low-level contamination. This source investigation has identified 
no previously unknown localized source(s) of contamination that warrant targeted remediation based on the 
available infomation. The cunent conclusions are summarized below: 

ii. 

. .  

0 .. . .  . .  . .  
... . . .  . .  

The Site retention ponds continue to effectively remove suspended solids and any associated contamination 
from the water column, Pu and Am activities at the terminal pond and fenceline Pocs remain well below 
reporting thresholds. 

Based on the details regarding recent Site activities outlined above, i; is concluded that various D&D, 
construction, ER, and excavation options caused increased transport of low-level contamination associated 
with suspended solids in surface water that are likely to have resulted in the recent reportable values measured 
at GS10. 

A shift in MAm ratios toward a higher relative abundance of Pu at GSlO in WYO4 suggest increased actinide 
contribution from an area with higher WAm ratios, such as the 903 Pad area. 

The loading analysis indicates that the GS39 subdrainage, the GS40 subdrainage, and the area directly 
tributary to SW022 are contributing the majority of the actinide load at GS10. Additionally, analysis shows 
that the Pu and Am loads from GS39 and SWO22 have increased significantly in WYO4. This suggests that 
recent projects impacting the GS39 and SW022 drainages, especially the 903 Pad remediation, have impacted 
water quality. 

Pu and Am suspended solids activities at GSlO show no change in WYO4 (Figure 2-36). In conjunction with 
the increased activities at GS10, this suggests increased transport of suspended solids with contamination 
similar to past years, and not a significant new s o m  term. 

Figure 2-39 shows that WYO4 turbidities (as an indication of TSS) at GSlO relative to flow rate are generally 
higher than for WY03 and prior data. This suggests that soils in +e GSlO drainage are more susceptible to 
transport for a given flow rate than for previous years. Similarly,F~04 TSS data at GSlO show higher 
values relative to flow rare than for previous ycars (Figure 2-40). A similar relationship is noted for samples 
collected at GS39 (Figure 2-41), and to a lesser extent at SW022 (Figure 2-42), prior to the implementation of 
enhanced erosion controls. These patterns suggest that the recent higher activities at GS 10 may be the result, 
at least in part, of the increased transport of legacy contamination associated with soil and sediment, and not 
any new source contribution. 

Targeted erosion controls have proven to be effective in reducing sediment transport and associated 
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contamination at selected locations. This is especially true for locations upstream of GSlO (nearer to the 
source terms) such as GS39 and SW022. No improvement is noted for GS10, most likely due to the 
continued transport of residual solids along the flow pathways downstream of the erosion controls. In the 
long-term, water quality is expected to improve at GSlO as these solids stabilize within the system, additional 
erosion controls are installed, source areas are removed, disturbed soils are stabilized, and runoff is reduced 
due to the removal of hpewious areas. 

The Site's proposed course of action includes: (1) continuing observation (routine monitoring), and (2) 
installation and maintenance of enhanced erosion controls in the drainage areas upstream of GS 10 as part of the 
overall Closure process. Effective Ems, such as the use of the existing terminal ponds to clarie stomwater of 
potentially-contted sediment and particulate matter, will also be continued. Specifically, DOE and the K-H 
Team propose the following actions as the path forward: 
0 Continued observation and ongoing data intexpretation to provide better understanding of actinide transport 

directly related to the operation of the Site automated surface-water monitoring network and the effectiveness 
of erosion controls 

Implementation and maintenance of enhanced erosion controls as an integral part of Site Closure 
Continued use of the existing retention ponds as an effective BMP to clarify stormwater containing 
potentially contaminated sediment and particulate matter, and +. - J  '/A 

0 

0 Continued reporting as appropriate 
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3. 
The following source evaluation is provided in accordance with the Final RocRy Flats Cleanup Agreement 
(RFCA) (CDPHE et al., 1996) (Attachment 5, §2.4(B)) under ‘Action Determinations”. The RFCA requires 
reporting “when contaminant concentrations in Segment 5 exceed the Table 1 action levels” and that “source 
evaluation will be required”. Further, RFCA states “if mitigating action is appropriate, the specific actions will be 
determined on a case-by-case basis, but must be designed such that surface water will meet applicable standards at 
the POCs. 

SOURCE EVALUATION FOR POE SW093 

Specifically, this source evaluation addresses the Site notification(s) of.repo&ble 3O-day moving average values 
for Pu and Am water-quality results at the POE monitoring location SW093, located 1300‘ above Pond A-1 in 
North Walnut Creek. Reportable values for Pu were measured for the period 4/11 through 7/23/04 inclusive, 
using validated data. Additional data recently received but not validated may extend the Pu event through 
8/29/04. Reportable values for Am were also measured for the periods 4/23 through 5/22,5/29 througb 718,7113 
through 7/20, and 7/22 through 7/23/04 inclusive, using validated data. Additional data recently received but not 
validated may extend the Am event through 8/29/04. The end of the reportable period(s) will be determined when 
the Site receives subsequent analytical results. 

This evaluation for Walnut Creek monitoring station SWW3 covers data received through 10/6/04. The 
following are included in this section: 

Evaluation of ongoing automated dace-water monitoring within the SW093 drainage 

Estimation of actinide loads within the SW093 drainage area 

Evaluation of waterquality trends and correlations within the SW093 drainage area 
A brief discussion of implemented erosion controls, and 

A brief tlssessrnent of DBtD, ER, and Site Closurs projects 

0 

0 

0 

0 

. 

. ?  

3.1 HYDROLOGY 
North Walnut Cree k Flow Controls 

All IA surface-water runoff that flows into North Walnut Creek South Walnut Creek, or the SID is collected by a 
system of stormwater retention ponds. The ponds serve three main purposes for surfacewater management: (1) 
storm water retention and settling of sediments, (2) water storage for sampling prior to release, and (3) emergency 
spill control in those instances where a spill cannot be adequately managed without use of the ponds. 
SW093 is the POE for IA surface-water flows to North Walnut Creek. Surface water in North Walnut Creek is 
routed through the A-Series Ponds (Figure 3- I). Steps in the water collection and transfer process are briefly 
outlined as follows: 

, .  
! :: 

. .  ... .. 
1. Runoff from the northern and western IA flows through various ditches and channels to a large 

cmp and directly to SW093 (Figure 3-1). 
2. Runoff from SW093 then flows downsdearn through conveyance structures, to Pond A-3, and 

subsequently is batch discharged to Pond A-4 for detainment, and 

3. Water detained in Pond A 4  is discharged periodically in batches to Wahut Creek. 

As indicated above, all of the IA runoff that flows into North Walnut Creek is ultimately muted to Pond A-4, 
detained, and sampled prior to being released to lower Walnut Creek. There is no source of IA runoff to South 

¶ 
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Walnut Creek that can enter lower Walnut Creek without first passing through the pond system for subsequent 
batch discharge from Pond B-5.” 

Industrial Area 

I 
I<M 

AAutDmsiedMQI#orhrgSWbn 

NonnallJncOntmled~Pathway- 
\ ‘ .. 

NamalContrdledFlovPathway -- -1 -- -- - 
1 

Figure 3-1. Hydmrogic Routrng Diagram for PO€ swo93 (wyzoo3-2004). 

3.2 SW093 MONITORING RESULTS 

As Specified in the IMP, Site personnel evaluate 3O-day moving average 
POI3 surface-water monitoring location SW093. Recent evaluations of waterquality measurements at POE 
SW093 showed reportable values for Pu requiring notification and s o w  evaluation under the RFCA ALF. 
Results for recent 3-y moving average values using available data at SW093 are summarized below in Table 
3-1 and are shown on Figure 3-2. 

for selected radionuclides at 

I’ A small acta NE of the Solar Ponds flows directly to the A-Series Ponds and is  not monitored at SW093. This water is  
monitored at SW091. 
l6 The method for calculating 30-day averages in given in Appendix 8.1 - Analytical Data Evaluation Methods in the RFETS 
Automated Surface-Water Monitoring: WY03 Annual Report (URS, 2004). 
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Oate(s) of 3 W a y  Average Date(@ of 
Location Parameter Requiring Reporting Maximum 30- 

my Avetaqe 
SW093 P~239,240 411 1 - 8/29/04 6/16/04 
SW093 Am241 4123 - 5122104; 5129 - 8/29/04 

7/8/04; 711 3 - 7/20/04; 
7/22 - 8/29/04 

Maximum 30. Volum+Weighted 
Day Average Average for Water 

(PCVI) Year’’ (pcffl) 
2.2 WOq? 0.71 5 
1.8 W04”: 0.287 

0.5 

figure 3-2. POE Monltotfng Station SW083: 3 M a y  VolumsWelgbted Aveage Vaiues bf Pu 
and Am Activities (1011iM - 6/28/04). 

The analytical results for the composite samples collect& around the period of reportable values have been 
validated through 7/23/04. A review of historical SW093 monitoring data ahows that these results are 
significantly higher than usual, and higher than results associated with previous reportable periods. During the 
period of continuous flow-paced monitoring under R E A ,  there have been two other occurrences of reportable 
30-day average values for Pu (Figure 3-2; no previous reportable Am periods). The reportable measurements 
generally occur during periods of increased stormwater runoff in the spring and summer months. Individual 
composite-sample results for SW093 are listed in Table 3-2 and plotted in Figure 3-3 for the recent period of 
interest. 

A Water Year is defined as the period from October 1 through September 30. The term water year is abbreviated as WY; 
e.g. Water Year 2004 is WYW. 

‘I Through 8/29/04 
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> 

Table 3-2. WYO4 Composite Sample Analytlcal Results tbr SW093 Repodable PerJods. 

Composite Pu-239,240 Am241 Composfte N. Walnut Cr. Dlscharge 
Sample Perlod (PCW @CW Sample Volume Volume Durlng Sample 

Perlod (MG) 

I 

c - 
t 
E 
P 
B 

8 
C a 

A ,  4.5 

4 

1 

' 0  

I 
Flgure 3-3. Monitoring Statlon SW93 Hydrograph with Individual Sample Results and Sample 
Period Bars: 413104 - 8130104. 
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3.5 

3 
d 
y. 

2.5 

I 
$ 4  2 
I C  

Fjgun, 3-4. Monitoring Station S W 9 3  Hydrograph with lndlvldual Sample Results and E m r  
Bars: 413104 - 8/30/06. 

All water monitored at SW093 flows to Pond A-3, is batch discharged Pond Ad, and eventually batch discharged 
to lower Walnut Creek Predischarge samples of the water in Pond A 4  indicated acceptable water quality prior 
to all planned discharges during the reportable periods. Water monitored at SW093 after 8/14/04 is currently 
being detained in Pond A 4  awaiting discharge. All Pu and Am analytical results fiom composite samples 
collected at POC monitoring station GS11 (Pond A 4  outfall; Figure 3-1) during this period were well below 0.15 
pCin (Figure 3-5), and there were no reportable 3-y average values. 

All water discharged from Pond A 4  to Walnut Creek subsequently flows through RFCA POC GS03 at the 
eastern Site boundary. Pu and Am analytical results fiom composite samples collected at GS03 during the period 
of interest were all well below 0.15 pCin (Figure 3 4 ,  and there were no reportable 3 W y  average values. 
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Figure 3-6. Monitoring Station OS03 Hydmgraph with individual Sample Results: 41W4 - 
8129104. 
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3.3 DATA SUMMARY AND ANALYSIS 
The following data evaluation for SW093 includes all surface-water data available as of 10/6/04. Monitoring data 
were extracted from the SWD or taken fiom hardcopy analysis reports for the locations of interest and 
subsequently reconciled against SWD. The following list describes the environmental data compilation process: 

0 Individual sample result values are calculated as arithmetic averages of real and field duplicate results when 
both results are tiom the same sampling event.Ip 

When available, Sitelrequested laboratory r m  are averaged with initial runs for the same sampling event.Ig 0 

0 

0 

Laboratory duplicate and replicate QC results are not used. 

When negative values for actinide measurement are returned h m  the laboratories due to blank correction, 0.0 
pCi/l is used in the calculations. 

Only total radionuclide measurements are used, and 

Data that did not pass validation (rejected data) are not used. 0 

3.3.1 
A11 surface-water isotopic data are either verified or validated, based on criteria determined by ASD, or at the 
special request of the customer. Approximately 75% of all isotopic data are verified and the remaining 25% are 
validated, Validation is typically determined randomly for each subcontracted laboratory, based on the specific 
analytical suites. This random validation selection may or may not routinely include POE or POC locations. 
However, when reportable values am observed, all analytical results used in the calculations receive foxmal 
validation. 

For samples collected at SW093 during the reportable periods, all isotopic data not randomly selected for 
validation were specifically submitted for validation at the request of Site personnel. All isotopic data package 
validation was performed by a subcontractor to ASD, and all packages during the reportable period through 
7/23/04 were considered valid. Validation for subsequent data is pending. 

Verlfication and Valldatlon of Surface-Water Analytlcal Results 

3.3.2 Actinide Data Summary 
Since 4/6/0 1, five upstream automated monitoring locations have been operating as Performance monitoring 
locations upstream of SW093. These locations are GS32, GWZ0, GS49, SWll9, and SWl20 (Figure 3-1). 
Additionally, GS60 was installed on 8/13/03, GS61 was installed on 10/29/03, and SW018 was installed on 
10/9/03. These stations were installed or upgraded to monitor subdrainages that are tributaqy to SW093. These 
locations are operated as Source tacation monitoring stations to characterize water quality and specifically measure 
Pu and Am loads from the respective subdrainages in an attempt to identify any discrete source areas. Summary 
statistics for sample results from these locations are shown in Table 3-3. The activities for GS32 are arithmetic 
averages since this location has historically sampled only selected stop events. Continuous flow-paced sampling 
is used for SW093, GS44, GS49, SWOIS, SWll9, and SW120, and volume-weighted average activities are given 
in Table 3-3. 

l9 Radionuclide data pairs are averaged when the DER is  less than 1.5 (see Appendix Section B.1 - Analytical'Data 
Evaluation Methods in the WETS Automated Surface-Water Monitoring: WY03 Annual Report). 

GS44 was removed on 8/25/04 to make way for D&D activities. 
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Figum 3-7. Automated Surfacewater Monitodng Locations and Corresponding Subdrelnage 
Areas Tributary to Swo93. 

Table 3-3. Summary Statistics for Samples from SW093 and MonitoAng Locations Tributary to 
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Figure 3-8 shows the average annual activities at SW093 for WY97 - WYM1'. Due to the continuous flow-paced 
sampling protocols currently in place under RFCA, volume-weighted average activities are shown. Although 
reportable 30-day average values occurred in recent years, the volume-weighted average for WYO4 is 
significantly greater than the activities for previous years. This suggests the possibility of a new source term, a 
new source area not previously contributing contamination, and/or increased transport of previously contributing 
source terms. 

Figure 3-8. Average Annual Pu and Am ActiviUes at SWV93: WY97-M. 

3.3.3 Annual SW093 Loads 
Annual actinide loads for SW093 in. xnicrograms (log-scale) are plotted m Figure 3-9 to show long term loading to 
SW093. For WY97-WYO4, the activity for each flow-paced composite sample is multiplied by the associated 
discharge volume to get pCi, then converted to micrograms and totaled annually. Although reportable 3 W y  
average values occurred in recent years, the loads for WYO4 are significantly greater than the loads for previous 
years. As stated previously, this suggests the possibility of a new sourm term, a new source area not previously 
contributing contamination, andor increased transport'of previously contributing source terms. 

'' For WYOQ the average shown is through 8/29/04. 
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Figure 3-9. Annual Pu and Am Loads at SW093; WY97-04. 

3.4 RELATIVE LOADING ANALYSIS 
This loading analysis uses data fiom all automated monitoring locations that are triiuutary to SW093 (Figure 
3-10). These locations arc GS32, GS44, GS49, GS60, GS61, SWOl8, SW119, and sW120. The analysis is 
performed for two overlapping time periods based on the operational periods for two groups of locations. For the 
first period, 4/6/01 through 8/19/04, monitoring locations GS32, GS44, GS49, SW119, and SW120 were all 
operational. For the second period, 10/1/03 through 8/19/04, monitoring locations GS32, GS44, GS49, GS60, 
GS61, SW018, SW119, and SW120 were all operational.” 
Table 3-4 gives location and drainage basin detail for the monitoring locations used in this loading analysis. The 
hydrologic connectivity of these locations is shown in Figure 3-1. 

” Locations GS61 and SWO18 were installed on 10/29/03 and 10/9/03, respectively. As such, loads for 10/1/03 to the install 
date were estimated. 
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Table 3-4. Location and Drainage 8esln Detail. 

Loads for continuous flow-paced samples from the locations SW093, GS44, GS49, GS60, GS61, SWOl8, 
SW 1 19, and SW 120 were calculated as detailed in Appendix B. 1 Analytical Data Evaluation Methods in the 
WETS Automated Surface-Water Monitoring: WY03 Annual Report. The load for any period is then the sum of 
the individual sample loads during that period. In the following section, total loads and percentages do not 
necessarily balance due to rounding. 
For GS32, loads for any period are calculated by multiplying an estimated overaIl activityU by the comsponding 
estimated discharge, and then converting to micrograms." Since there is no diract flow measurement at GS32, the 
discharge for the loading period was estimated using seasonal runoff coefficients and measured Site precipitation. 
Seasonal and monthly runoff coefficients (total runoff depth divided by total depth of precipitation) were 
calculated using flow data h r n  GS39 (the GS39 subdrainage has similar characteristics to the GS32 
subdrainage) and arithmetic average precipitation from all Site precipitation gages. These seasonal and monthly 
runoff coefficients were then used to estimate the GS32 discharge volumes for the loading period based on 
measured precipitation and the GS32 drainage area size. The following methods were selected to estimate a range 
of loads for GS32: 

The seasonal arithmetic average activity is multiplied by the corresponding estimated seasonal discharge 
volume to estimate seasonal loads. The seasonal loads are then totaled for the analysis period. 

0 The monthly arithmetic average activity is multiplied by the corresponding estimated monthly discharge 
volume to estimate monthly loads. The monthly loads are then totaled for the analysis period. 

23 Various methods were evaluated to estimate an overall activity at GS27. These included averages (annual, seasonal, 
monthly), medians (annuaf, seasonal, monthly), geometric means, the minimum variance unbiased estimator (MVU), and the 
simple estimator (Gilbert, 1987). 

24 Stomevent sampling collects samples during the rising limb of a direct mff hydrograph following a precipitation event. 
The highest TSS measurements, and corresponding Pu and Am activities, are typically measured during these hydrologic 
conditions. Therefore, simple arithmetic average activities using these sample results would be expected to be biased high 
relative to the 'true' mean activity for a given location. Additionally, actinide water-quality variation tends to be lognormal, 
and also vanes with flow rate, season, storm size, and time. Therefore, variouS activity estimation techniques and periods a n  
used to calculate a range of estimated loads. 

GS39 is located on near the 903 and 904 Pads. The subdrainage i s  of a similar grade and percent impervious area. The 
GS39 subdrainage includes portions of the 900 Area. 

9 
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0 The annual arithmetic average activity is multiplied by the corresponding estimated annual discharge volume 
to estimate annual loads. The annual loads are then totaled for the analysis period. 

The seasonal median activity is multiplied by the corresponding estimated seasonal discharge volume to 
estimate seasonal loads. The seasonal loads are then totaled for the analysis period. 

0 

The loads estimated for GS32 are summarized in the following analysis by using the average of the estimated 
loads from the various methods. 

3.4.1 
The loading anatysis in this section uses all available data for the period 4/6/01 through 8/19/04 from SW093 and 
the five upstream monitoring stations (GS32, GS44, GM9, SW I 19, and SW 120). This loading analysis does not 
address the attenuation of actinides as they are transported from one monitoring location to the next. The analysis 
assumes that as the period of sampling is increased, the temporal effects of actinide transport will not significantly 
affect the relative loads from the various subdrainages. The hydrologic connectivity of these locations is shown 
in Figure 3-10. 

Relative Subdrainage Loads: Aprll6,2001 through August 19,2004 

Industrial Area 

1 
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Figure 3-10, Hydmlaglc Connectivity of Monitoring Locations Tributary to SW093 (as of 4/6/01). 
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Table 3-5, Figure 3-12, and Figure 3-13 indicate that the GS32 subdrainage is contributing the majority of the Pu 
load estimated at SW093. Additionally, analysis shows that the Pu loads fram GS32 have increased significantly 
in WYO4 (Figure 3-16). This suggests that recent projects impacting the GS32 drainage, especially the B779 area 
projects (IHSS Group 700-7). may have negatively impacted water quality. 

Table 3-5, Figure 3-14, and Figure 3-15 also indicate that the majority of the Am load reaching SW093 originates 
in the GS32 subdrainage. The area directly tributary to SWW3 is also contributing significant Am lead to 
SW093. Runoff From this area is not monitoredprior to reaching SW093 (for the locations in the 4/06/01 loading 
group), and the origin of this Am is unknown. 
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Table 3-5. Comparison of Pu and Am Loads at Tributary &ocerions with SW093: 4/6/01 through 
8/19/04. 

Locatlon I Pu-230,240 Load in pg I Am-241 Load In vg 
SW093 I 1456.5 I 12.22 
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I 

Relative Drainaoe Area Plutonium Load ConMbutlom to SWO93: Apdl6.2001 to August 19,2004 

OS49 w119 

DmhageAFsa 

Flgum 3-12 Relative Pu Load Conbributlon Chart f i r  Locatlons Tributary to SW093: 416101 
through 811 9104. 
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Figure 3-13. Relative Pu Load ContribuUon Ple for Locations Tributary to SW093: 4/6/01 through 
81 19/04, 

December 2004 3-14 

. i .  , .  
:. . ,.. 

. . .. s. . . .  



c .. . .  .. . 

05-RF-OOO8 7 
F i ~ l  Source Evaluation Reporlfor Points ofEvahation GSIO. SW027, and SW093: Water Year 2004 

Ralstlvs Dralnage Area Am8ricium Load Contributions to SWO95: nprU 8,2001 to August IO,  2004 
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Figum 3-14. Relative Am Load Contribution Chart Tor Locatfons Tributary to SWO93: 416101 
through 8149104. 
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Figure 3-15. Relatlve Am Load Contrlbutlon Pie for Locations Tributary to SW093: 416101 
through 8119104. 
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Figure 3-16. Annual Pu and Am Loads at 6532. 
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3.4.2 

The loading analysis in this section uses all available data for the period 10/1/03 through 8/19/04 fiom SW093 
and the eight upstream monitoring stations (GS32, GS44, GS49, GS60, GS61, SW018, SW119, and SW120).26 
This loading analysis does not address the attenuation of actinides as they are transported from one monitoring 
location to the next. The analysis assumes that as the period of sampling is increased, the temporal effects of 
actinide transport will not significantly affect the relative loads h m  the various subdrainages. The hydrologic 
connectivity of these locations is shown in Figure 3-10. 

Table 3-6, Figure 3-19, and Figure 3-20 indicate that the GS32 subdrainage is contributing the majority of the Pu 
load estimated at SW093. Additionally, analysis shows that the Pu loads from GS32 have increased significantly 
in WYO4. This suggests that recent projects impacting the GS32 drainage, especially the B779 area projects 
(MSS Group 700-7), may have negatively impacted water quality. 
Table 3-6, Figure 3-21, and Figure 3-22 also indicate that the majority of the Am load reaching SW093 originates 
in the GS32 subdrainage. The area directly tribuw to SW093 is also contributing significant Am load to 
SW093. Runoff from this area is not monitored prior to reaching SW093, and the origin of this Am is unknown. 

Relative Subdrainage Loads: October 1,2003 through August 19,2004 

NamfalUnaudrolMMPalhnay- 

N o n n a l C a d r o l M F W m  -+ -- --/- -- -- - 

Figure 3-17. Uydmlogic Connect/vRy of Monitbdng Locations Ttibutary to SWW3 (as of 
1011 103). 

26 Locations GS61 and SWOl8 were installed on 10/29/03 and 10/9/03, respectively. As such, loads for 10/1/03 to the install 
date. were estimated, 
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Table 3-6. Comparison of Pu and Am Loads at Tributary Locations witb SW093: 1011103 through 
8119104. 

Location 
SW093 

I Pu-239,240 Load In p~ 1 Am-241 Load in pg 
I 1 1268.0 9.1 1 

Figure 3-18. Subdrainage Map for Areas Tdbutary to SW093: As of 1011103. 
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I Relathre Drainage Area Plutonium Loed Contributions to SWWJ: October 1,2003 to August 19,2004 

400 
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Figure 3-19. Relative Pu Load Contrfbution Chart fbr Locations Tributary to SbW93: 1011103 
through 8119104. 
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Figure 3-20. Relative Pu Load Contribution Pie for Locations Tributary to SW093: 101j103 
through 8/19/04. 
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R e l a t h  Dnhage Area Amerkium Load Contributions to SWoB3 October I, 2003 to August 19,2004 
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Figure 3-21. R€MivtI Am Load Contribution Chart fbf Locations Tributary to SW093: 1011163 
through 8/19/04. 
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Figure 3-22. Relative Am Load Contribution Pie for Locations Tributary to SW093: 1011103 
through 8/19/04. 
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3.5 EROSION CONTROL MEASURES 

The Site is implementing an aggressive program of erosion control to prevent the movement of soils and 
sediments and to protect storm water and surface-water quality. The increased activities of building remval and 
soil disturbance require rigorous erosion control methods. A number of control methods are currently being used, 
from straw bales and wattles to soil tackifiers and erosion blankets. Ultimately, disturbed sites are revegetated. 

Immediately following confirmation of reportable values at SW093, a preliminary loading analysis was 
perfiormed that also identified the GS32 subdrainage as a major contributor to SW093. The loading analysis 
above further confirms GS32 as a major Pu and Am load contributor to SW093. Since Pu and Am are 
characteristically transported in surface water attached to particulate matter (suspended solids), a number of 
erosion controls have been added to the Site drainages, and specifically the GS32 subdrainage. These more 
comprehensive controls were installed in the GS32 subdrainage starting on 7/1/04, augmenting the preexisting 
erosion methods the Site has been routinely using. Localized controls have been added in the fonn of straw 
wattles, straw bales, and erosion matting in the ditch that transports runoff to the culvert flowing to GS32 (Figure 
3-23). Additional erosion controls have been installed throughout the SWO93 drainage based on field walkdowns 
and monitoring data analysis identifying areas of sediment transport and specifically for projects likely to impact 
surface water. 

. I  

i 

.: - 

. .  .. . 

Figure 3-23. Erosion Controls in the OS32 Drainage as of 10113104. 

Erosion control installations are monitored on a routine basis and any needed repairs or improvements are noted 
and implementsd. Erosion controls are tracked in a database, and mapped on a weekly basis to provide an overall 
assessment of the system condition. As new projects commence, work planning includes the review of the project 
for erosion control needs and requires their installation prior to the startof work. At project completion, installed 
controls continued to be evaluated for performance and are either removed or left in place until reveigetation is 
established. 
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3.6 WATER-QUAUTY TRENDS AND CORRELATIONS: SW093 

Higher than normal hr and Am activities began to be measured at SW093 starting with the composite sampIe for 
the period 319 - 4/3/04 (Figure 3-24). For the period 10/1/02 - 3/8/04, average WAm ratios at SW093 were 1.3. 
For the period 319 - 6/29/04, average P u / h  ratios were 4.2, s u g g d g  that recent higher activities were from 
different area or source term than the activities for previous samples. For roughly the same period, a similar 
pattern is noted for samples collected at GS32 (Figure 3-25). Figure 3-26 shows that the higher SW093 activities 
are generally associated with period of continuous runoff at GS32. This is particularly true for the period 5/24 - 
6/9/04 when a domestic water leak was observed to be supporting sustained flows at GS32'7. a period of mostly 
baseflow at SW093. These pattems further suppott the conchsion that flow from the GS32 subdraiiage was 
affecting water quality at SW093. 
No significant waterquality improvement due to erosion controls has been observed to-date for SW093 (Figure 
3-24). This may be caused by the continued transport of residual solids in the flow pathways downstream of the 
new erosion controb. However, date from GS32 (Figure 3-25) show a significant reduction in activities. 

*' The leak occurred at a water line in the northern portion of the project ama. Water was observed flowing south across 
disturbed soils to the unlined ditch canveying flow to the storm drain feeding GS32. 
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Figure 3-25. lndividual Sample Results 8t GS32: 1011102- 8127104. 
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Figure 3-26. lndlvidual Sample Results at SW093 Shown with SW093 Hydrograph and OS32 
Sump Levels. 
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Since Pu and Am are transported attached to suspended solids, an increase in suspended solids activity (sample 
activity divided by TSS concentration [pci /g])  suggests the increased contribution of a relatively more 
contaminated area, andor sediment transport from a previously non-contributing area or source term. Higher than 
normal Pu and Am suspended solids activities began to be measured at SW093 in WYO4 (Figure 3-27). For 
roughly the same period, a similar pattern is noted for samples collected at GS32 (Figure 3-28). These patterns 
further support the conclusion that flow from the GS32 subdrainage was affecting water quality at SW093. 
A measurable reduction in suspended solids activity is noted for GS32 after the implementation of enhanced 
erosion controls (Figure 3-28). This is likely the result of decreased contribution of relatively more contaminated 
ares of the GS32 subdrainage due to soil stabilization coupled with a reduction in vehicle traffic associated with 
779 area Closure activities. Insufficient data are available at this time to draw conclusions for SW093 (Figure 
3-27). 
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Figure 3-27. Temporal Variation of Suspended Solids Actlvity at SwO93: AI/ RFCA Data. 
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Figure 3-28, Temporal Vatfation of Suspended SolMs Activity at GS32: All RFCA Dah. 

Since Pu and Am are transported attached to suspended solids, an increase in TSS can result in comsponding 
increases in activity. The amount of TSS in runoff depends on a number of factors including the availability of 
disturbed soils (e.g. unconsolidated and unvegetated soil), storm intensity (ie. precipitation forces), and runoff 
intensity (flow rates). A deviation m the typical relationship between flow rate and TSS suggests increased 
availability of transportable soils. Figure 3-29 shows that WYO4 turbidities (as an indication of TSS) relative to 
flow rate are generally higher than for WY03 and prior data This suggests that soils in the SW093 drainage are 
more susceptible to transport for a given flow rate than for previous years. Similarly, WYO4 TSS data show 
higher values relative to flow rate than for previous years (Figure 3-30). A similar relationship is noted fot 
samples collected at GS32 prior to the implementation of enhanced erosion controls (Figpre 3-3 1 )”, These 
patterns suggest that the recent higher activities at SW093 may be the result, at least in part, to the increased 
transport of legacy contamination associated with soil and sediment, and not new sources. 

A measurable reduction in TSS relative to storm intensity is noted for GS32 after the implementation of enhanced 
erosion controls (Figure 3-31). This is likely the resuit of sediment trapping and soil stabilization in the GS32 
subdrainage coupled with a reduction in vehicle traffic associated with 779 area Closure activities. Data from 
SW093 show no reduction in TSS relative to flow rate (Figure 3-30). This may be caused by the transport of 
residual solids m the flow pathways dowmtream of the new erosion controls. Additional data are needed to 
further assess’the effects of erosion controls on water quality at SW093. 

1 

’’ Since flow is not measured at GS32, stm-event sample TSS is correlated with peak flow rate at GM0 (an adjacent 
drainage area) as an indicator of runoff intensity. 
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Figure 3-29. Variation of Mean Daily Turbldity with Flow Rate at SW093. 
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Figure 3-30. Variation of Sample TSS with Fiow Rate at SWO93. 
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Figure 3-31. VarfaHon of Sample TSS With Runoff Intensity at GS32 

3.7 

During the period of reportable values at SW093, multiple projects within the SW093 drainage were occurring. 
The loading analysis and waterquality correlations presented above indicate that Closwe activities within the 
GS32 subdrainage are likely to have had the most significant impact to waterquality at SW093. 

SITE ACTIVITIES AND PROJECTS IN AREAS TRIBUTARY TO W093 

3.7.1 8/79 Area Projects (IHSS Group 700-7) . .  
Accelerated action activities (not including characterization sampling) for WSS Group 700-7 began on 1/6/04. 
The Draft Closeout Report for IHSS Group 700-7 (Kaiser-Hill, 2004a) provides background for this project. The 
following list is a summary of the actions: 

Characterization of the 779 Under Building Contamination (UBC) Site, IHSSs within the Group, 
Potential Area of Concern 700-1 105, including soil adjacent to and below the Original Rocess Waste 
Lines (OPWL.) 
Removal of the B779 slab and other building structural features, including footer walls, the top 4 feet of 
the basement walls, waste trenches and pits, and other building slabs 

Removal of water and waste lines, including OPWL and sanitary lines under the B779 slab, the B782 
plenum drain lines, and the B779 foundation drain line 

Removal of two diesel mderground storage tanks 

Removal of three concrete pads, two of which held transformers containing oils with polychlorinated 
biphenyls (PCBs), and surrounding soil, and 

0 

0 

0 

0 

0 
I 
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0 Removal of other soil in conformance with RFCA requirements, including soil From under the B779 
contamination area 

The portion of the 8779 area tributary to SW093 is upstream of GS32 (Figure 3-32), and runoff from the area 
shown on the map is sampled at GS32. During WYO4, disturbed soils associated with the project were available 
for transport in runoff. Field observations during the Spring of 2004 noted areas of mud and standing water 
throughout the GS32 subdrainage. Runoff in the area flowed to a small, unlined ditch that conveys water through 
a drop structure to the storm drain flowing to GS32. During the project, the ditch was extended to the west to 
further facilitate the removal of runoff from the project area, with the project routinely routing runoff and pumped 
discharges (from sumps and basements) to this ditch.m Incidental ,waters from excavations at B702, B705, B706, 
B712, and PAC 700-1 105 (B779) that were pumped to ground totaled approximately 21,000 gallons, potentially 
transporting disturbed soils. Additionally, the domestic leak noted in previous sections flowed amsg disturbed 
soils to this ditch for an extended period. Extensive vehicle traffic also resulted in the generation of suspended 
solids available for transport in runoff. 

Several OPWL excavations were conducted in the NE comer of the B779 area; these excavations were within 20- 
30 feet of the buried storm drain conveying runoff to GS32. Field observations in the Spring of 2004 noted the 
accumulation of standing water in the pits covering the OPWL lines.'D If the integrity of the GS32 storm drain 
was compromised by corrosion andlor subsidence, the possibility exists that the storm drain may have been in 
hydrologic connection with the water in the pits", providing a pathway for potentially contaminated water to 
reach GS32. 
The loading analysis above showed that the loads h m  GS32 increased siguificantiy in WYO4 (Figure 3-16). 
Figure 3-25 shows that activities at GS32 increased after the start of the MSS Group 700-7 project began, and 
coinciding with the normal spring and summer increase in runoff. Based on field observations, runoff fiom the 
area contained unusually high levels of suspended solids. Figure 3-33 shows that TSS concentrations relative to 
runoff intensity increased significantly during the same period. 

The existence of low-level actinide.soi1 contamination in association with the B779 area is well documented (see 
Closeout Report for IHSS Group 700-7; Kaiser-Hill, 2004a). Above background levels for surface soil exist 
throughout the area, ranging up to approximately 20 pCi/g. With TSS concentrations up to 4,000 mgL at GS32, 
activities significantly higher than 0.15 pCiL are not unexpected. Figure 3-28 shows that the activity of the 
suspended solids at GS32 increased during WYO4, with several results in excess of 50 pCi/g Pu. 
Fractionation of both soils in shce-water runoff and radionuclides in soils is undoubtedly occurring in the m. 
Both mechanical and physiochemical suspension mechanisms suggest preferential suspension of certain fractions 
of the surface soil in stormwater runoff. Fractionation may occur as a fhction of particle size, density, andor 
surface chemistry. Furthermore, h may associate preferentially with certain fractions of the soil based on surface 
area andlor surface chemistry. The net result may be a drastically different specific activity of suspended material 
in the surface water as compared to specific activity of the surface soils. 
Regardless, the increase in suspended solids activity at GS32 is likely due to the increased contribution of 
relatively more contaminated suspended solids fiom areas not previously as susceptible to erosion. The removal 
of impervious surfaces (exposing the underlying soils) and the extensive disturbance of previously stable soil 
areas are the likely causes. 

r, The assumption is made that pumped discharges were dipositioned according to the Indidental Waters procedure. Most, if 
not all of these waters were pumped to tanks for subsequent disposal. 
3o The Draft Closeout Report for IHSS Group 700-7 states that approximately 10,000 gallons were pumped from the. pits for 
treatment at B891. P 

31 The OPWL lines are assumed to be at a lower elevation than the storm drain. Therefore, this hypothesis assumes that the 
water levels in the pits rose to an elevation comparable to the stonn drain, though actual pit water levels are unknown. 
December 2004 3-28 ' \ '  * 
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Figure 3-33. Bubble Chart Showing Tempom/ Variation of Sample TSS wjth Runoff Intensity and 
Date: GS32. 
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3.8 SUMMARY AND CONCLUSIONS 

The Site has completed the WYO4 phase of the ongoing source evaluation for the potential cause(s) of reportable 
30-day moving average values for Pu and Am at the POE monitoring location SW093. As for previous reports, 
the Site concludes that the likely source of the reportable 30-day moving average values at SW093 is d i f i e  
actinide contamination associated with soils and sediments from past Site operations released to the environmen: 
through events and conditions over past years. This actinide contamination is tramported with suspended solids 
in surface-water runoff during precipitation events, 

Based on the above evaluation, Site personnel conclude that no specific remedial action@) is indicated at this 
time, other than scheduled remedial actions and closure activities for the Site. The removal of source areas, the 
implementation of enhanced erosion controls, and the reduction of runoff as the Site moves toward Closure all 
serve to improve water quality in the long term The surface-water monitoring conducted at the Site has provided 
valuable information regarding the near-tern impacts to water quality to aid the Closure projects in developing 
targeted methods for reducing the transport of low-level contamination. This source investigation has identified 
no previously unknown localized source(s) of contamination that warrant targeted remediation based on the 
available information. The current conclusions are summarized below: 

0 The Site retention ponds continue to effectively remove suspended solids and any associated contamination 
from the water column. PU and Am activities at the terminal pond'and fenceline poc8 remain well below 
reporting thresholds. 

Based on the details regarding recent Site activities outlined above, it is concluded that various D&D, 
construction, enviroMlental mediation, and excavation operations caused increased transport of low-level 
contamination associated with suspended solids in surface water that are likely to have resulted in the recent 
reportable values measured at SW093. Evaluation suggests that project activities aSsociated with IHSS Group 
700-7 (GS32 subdrainage) resulted in the largest impacts to water quality at SW093. 

A shift in WAm ratios toward a higher relative abundance of Pu at SW093 in WYO4 suggest increased 
actinide contribution from an area witb higher PdAm ratios. Data from GS32 show a similar pattern. 

The loading analysis indicates that the GS32 subdrainage is contributing the vast majority of the actinide load 
at SW093. Additionally, analysis shows that the Pu and Am loads from GS32 have increased significantly in 
WYO4. This suggests that recent projects impactidg the GS32 drainage, especially IHSS Group 700-7, may 
have negatively impacted water quality. 

Pu and Am suspended solids activities at SW093 show a significant increase in WYO4 (Figure 2-36). In 
conjunction with the increased activities at SW093, this suggests the inmased contribution of a relatively 
more contaminated area, and/or sediment transport from a previously noncontributing area or source term. 
For roughly the same period, a similar pattern is noted for samples collected at GS32. 

Figure 3-29 shows that WYO4 turbidities (as an indication of TSS) a: SW093 relative to flow rate are 
generally higher than for WY03 and prior data. This suggests that soils in the SW093 drainage are more 
susceptible to transport for a given flow rate than for previous years. Similarly, WYO4 TSS data at SW093 
show higher vdues relative to flow rate than for previous years (Figure 3-30). A similar relationship is noted 
for samples collected at GS32 (Figure 3-3 l), prior to the implementation of enhanced erosion controls. These 
patterns suggest that the recent higher activities at SW093 may be the result, at least in part, to the increased 
transport of legacy contamination associated with soil and sediment, and not solely a new source, term. 
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0 Targeted erosion controls have proven to be effective in reducing,sediment transport and associated 

source terms) such as GS32. No improvement is noted for SW093, most likely due to the continued transport 
of residual solids in the flow pathways downstream of the erosion controls. In the long-term, water quality is 
expected to improve at SW093 as these solids stabilize in the system, additional erosion controls are installed, 
source areas are removed, disturbed soils are stabilized, and runoff is reduced due to the removal of 
impervious areas. 

I contamination at selected locations. This is especially true for locations upstream of SW093 (nearer to the 
. 

I 

I The Site's proposed course of action includes: (1) continuing observation (routine monitoring), and (2) 
installation and maintenance of enhanced erosion controls in the drainage areas upstream of SW093 as part of the 
overall Closure process. Effective BMPs, such as the use of the existing terminal ponds to clarify stormwater of 
potentially-contaminated sediment and particulate matter, will also be continued. Specifically, DOE and the K- 
H Team propose the following actions as the path forward: 

Continued observation and ongoing data interpretation to provide better understanding of actinide transport 
directly related to the operation of tpe Site automated surface-water monitoring network and the effectiveness 
of erosion controls 

Implementation and maintenance of enhanced erosion controls as p integral part of Site Closure 

Continued use of the existing retention ponds as an effective BMP to clarify stormwater containing 
potentially contaminated Bediment and particulate matter, and 

0 

0 Continued reporting as appropriate 

. 
# .. 
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4. 
The following m e  evaluation is provided in accordance with the Final Rocky Flats Cleanup Agreement 
(RFCA) (CDPHE et al., 1996) (Attachment 5, $2.4(B)) under “Action Determinations”. The RFCA requires 
reporting “when contaminant concentrations in Segment 5 exceed the Table 1 action levels” and that “source 
evaluation will be required”. Further, RFCA states “if mitigating action is appropriate, the specific actions will be 
determined on a case-by-case basis, but must be designed such that surface water will meet applicable standards at 
the POCs. 

SOURCE EVALUATION FOR POE SW027 

Specifically, this source evaluation addresses the Site notification(s) of reportable 30-day moving average values 
for Pu and Am waterquality results at the POE monitoring location SW027, located just above Pond C-2 in the 
SID. Reportable values for F’u were measured for the period 6/22 through 811 8/04 inclusive, using validated data. 
Additional data recently received but not validated may extend the PU event through 8/23/04. Reportable values 
for Am were also measured for the periods 6/27 through 811 8/04 inclusive, using validated data. Additional data 
recently received but not validated may extend the Am event through 8/23/04. The end of the reportable period(s) 
will be determined when the Site receives subsequent analytical results. 

~ 

This evaluation for SlD monitoring station SW027 covers data received through 10/6/04. The following are 
included in this section: 

0 

0 

0 

0 

0 

Evaluation of ongoing automated surface-water monitoring within the SW027 drainage 

Estimation of actinide loads within the SW027 drainage area 

Evaluation of waterquality tmnds and correlations within the SW027 drainage area 

A brief discussion of implemented erosion controls, and 

A brief assessment of D&D, ER, and Site Closure projects. 

4.1 HYDROLOGY 
SID I Pond C-2 Flow Contrals 

j .  

All IA surface-water runoff that flows into Nor- Walnut Creek, South W u u t  Creek, or the ID is collectec bYa 
system of stormwater retention ponds. The ponds serve three main purposes for surface-water management: (1) 
storm water retention and settling of sediments, (2) water storage for sampling prior to release, and (3) emergency 
spill control in those instances where a spill cannot be adequately managed without use of the ponds. 
SW027 is the POE for IA surface-water flows to Pond C-2. Surface water in the SID is routed through Pond C-2 
to Woman Creek (Figure 4-1). Steps in the water collection and transfer process are briefly outlined as follows: 

1. Runoff from the southern’IA flows through the SID past monitoring location SW027. 

2. Runoff from SW027 then flows downstream through conveyance structures to Pond C-2 where it is 
detained, and 

3. Water detained in Pond C-2 is discharged periodically in batches to Woman Creek. 

As indicated above, all of the IA runoff that flows into the SID is ultimately routed to Pond C-2, detained, and 
sampled prior to being released to lower Woman Creek. There is no source of IA runoff to the SID that can enter 
lower Woman Creek without first passing through the pond system for subsequent batch discharge from Pond C- 
2. 
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Date($) of =Day Date(s) of Maxlmum 30. VdumeWelgMed 
Parameter Average Requlring Maximum 3 4  Day A v q e  Average for Water 

Pu-239.240 6/22 - 8123/04 7/29/04 6.8 WYO4”: 2.72 
Am241 6/27 - 8/23/04 7/29/04 1.2 WY04*: 0.486 

Reportlng Day Average (pcffl) YeaP(pcvI) 

A---Q= 
Industrial Area 

111 I 

Y k 

remediistlcm fbws pdualIy began flowing to GSSl . With the completion of the 903 PaMjp rcmcdiatioo. runoff fmm \he M formerly rnrnitod 
by SWOSS is now mitored at GS51. 

I: SWOS5 was rnnovcd 011 4nW to nrskc way for soil rcmoval aaivitica Runoff nwasumi at SWOSS vsed to flow dlrect)y to Us SID. During 

I 

Figure 4-1. Hydrologic Routing Diagram for #E SWO27 (WY03-04). 

4.2 SW027 MONITORING RESULTS 
ks specified in the IMP, Site personnel evaluate 30-day moving average valuesU for selected radionuclides at 
FOE surface-water monitoring location SW027. Recent evaluations of waterquality measurements at POE 
SW027 showed reportable values for Pu and Am requiring notification and source evaluation under the RFCA 
Action Level Framework. Results for recent 3O-day moving average values using available data at SW027 are 
swnmarized below in Table 4- I and are shown on Figure 4-2. 

I I I I I I I 

l2 The method for calculating 3-y averages in given in Appendix B.1 - Analytical Data Evaluation Methods in the WETS 
Automated Surface-Water Monitoring: WY03 Annual Report (URS, 2004). 

33 A Water Year is defined as the period from October 1 through September 30. The term water year is abbreviated as WY; 
e.g. Water Year 2004 is WYM. 

” Through 9/20/04 

December 2004 4-2 



05-R F-00087 
Final Source Evaluation Reportfor Pointr ofEvahation GSIO. SW027. and SW093: Water Year 2004 

7.0 1 
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I 

Figurn 4-2. POE Monttonlng Station S WO27: 30-Day Volume- Weighted Average Values for Pu 
and Am Actlvlfies (fOil196 - 9120104). 

The &alytical results for the composite samples collected around the period of reportable values have been 
validated through 8/18/04. A review of historical SWM7 monitoring data shows that these results are 
significantly higher than usual, and higher than results associated with previous reportable periods. During the 
period of continuous flow-paced monitoring under RFCA, there have been two other Occurrences of reportable 
SO-day average values for Pu (Figure 4-2; no previous reportable Am pmbds). The reportable measurements 
generally occur during periods of increased stormwater runoff in the spring and sumrner months. Individual 
composite-sample results for SW027 are listed in Table 4-2 and plotted in Figure 4-3 for the recent period of 
interest. 

All water monitofid at SW027 dun’ng this period flowed to Pond C-2 and remains in Pond C-2 as of 10/25/04. 
. .  

I . : .  

Table 4-2. WYO4 Composite Sample Analytical Results for SWO27 Reportable Periods. 

provided for nfcrcnce only. 
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Figure 4-3. Monitoring Station SW027 Hydrograph with Individual Sample Results and Sample 
Period Bars: 4124104 - 9121104. 

Am241 Sample Resrtll 

Figure 4-4- Monitoring Station S W027 H~drograph with Individual Sample Results and h r  
Bars: 4124104 - 9121104. 
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4.3 DATA SUMMARY AND ANALYSIS 
The following data evaluation for SW027 includes all surface-water data available as of 10/6/04. Monitoring data 
were extracted from the SWD or taken h m  hardcopy analysis reports for the locations of interest and 
subsequently reconciled against SWD. The following list describes the environmental data compilation process: 

0 Individual sample result values are calculated as arithmetic averages of real and field duplicate results when 
both results are from the same sampling event.3s 

When available, Site-requested laboratory reruns are averaged with initial runs for the same sampling event.'J 

Laboratory duplicate and replicate QC results are not used. 

When negative values for actinide measurement are returned fmm the laboratories due to blank correction, 0.0 
pCi/l is used in the calculations. 

Only total radionuclide measurements are used, and 

Data that did not pass validation (rejected data) are not used 

0 

0 

0 

0 

0 

4.3.1 Verification and Validation of SurfawWater Analytlcal Results 
All surface-water isotopic data are either verified or validated, based on criteria determined by ASD, or at the 
special request of the customer. Approximately 75% of all isotopic data are verified and the remaining 25% are 
validated. Validation is typically determined randomly for each subcontracted laboratory, based on the specific 
analytical suites. This random validation selection may or may not routinely include POE or POC locations. 
However, when reportable values are observed, all analytical results used in the calculations receive formal 
validation. 

For samples collected at SW027 during the reportable periods, all isotopic data not randomly selected for 
validation were specifically submitted for validation at the request of Site personnel. All isotopic data package 
validation was perfoxmed by a subcontractor to ASD, and all packages during the repoxtable period through 
8/18/04 were considered valid. Validation for subsequent data is pending. 

4.3.2 Actinide Data Summary 
Since 121 1/02, nine upstream automated monitoring locations have been operating as patt of the continuing 
source evaluation for SW027 as a response action to past reportable PU and Am measurements. These locations 
are GS21, GS22, GS42, GS5 1, GS52, GS53, GS54, GS55, and SWO36 (Figure 4-5). These stations were installed 
or upgraded to monitor subdrainages that are tributary to SW027. These locations are operated Source Location 
monitoring stations to chc te r i ze  water quality and specifically me- PU and Am loads from the respective 
subdrainages in an attempt to identify any discrete source areas. Summary statistics for sample results from these 
locations are shown in Table 4-3. Continuous flow-paced sampling is used for the above locations and volume- 
weighted average activities are given in Table 4-3. 

Monitoring location SW055 was also installed on 5/22/01 to support source evaluations for SW027. As the 903 
Pad/Lip project progressed, it became necessary to remove SW055 on 4/28/04 to make way for soil removal 
actions. As the 903 Pad/l.jp project reconfigured drainage areas as a direct result of soil removal actions, the area 
that had been tributary to SWO55 became tributary to GS5 1. With the completion of the 903 PaWip project, the 
remaining monitoring locations provide comprehensive surface-water monitoring, Due to the noncontinuous 
period of data collection at SW055. data collected at SW055 are not included in the fallowing analysis. 

-.. 

35 Radionuclide data pairs are averaged when the DER is less than 1.5 (see Appendix Section B.l - Analytical Data 
Evaluation Methods in the WETS Automated Surface-Water Monitoring: WY03 Annual Repart). 
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SWU5 WB(I llbmovedon 4nWtomake way fasoil nmoypl activities. RMofff measliredat S W S  used to flowdmly tothe SID. Dw@ 
mnediation, nurotTgradually began Rowing to GSSI. With the complaion of the 903 Padkip m n c d i .  runoff h the area formerly mitored  
by SWOSS is now monitorad 81 GS5 1. As sucb, SWMS is IW inchded in the analysis. 

Figure 4-5. Automated Surface-Water Monitoring Locations and Corresponding Subdrainage 
Areas Tributary to SW027. 

Table 4-3. Summary Statistics ibr Samples from SW027 and Monitoring Locations Tributary to 
SW027: 12/11/02 to Present 

Note 
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Figure 4-6 shows the average annual activities at SW027 for WY97 - WY0436. Due to the continuous flow-paced 
sampling protocols currently in place under RFCA, volume-weighted average activities are-shown. Although 
reportable 30-day average values occurred in recent years, the volume-weighted average for WYO4 is 
significantly greater thai~ the activities for previous years. This suggests the possibility of a new source term, a 
new source area not previously contributing contamination, and/or increased transport of previously contributing 
source terms. 

_ .  
I 
I 
I 

. .  .. 

4.3.3 Annual SW027 Loads 
Annual actinide loads for SW027 in micrograms (log-scale) are plotted in Figure 4-7 to show long-term loading to 
SW027. For WY97-WY04, the activity for each flow-paced composite sample is multiplied by the associated 
discharge volume to get pCi, then converted to micrograms and totaled annually. Although reportable 3-y 
average values OCcuTfed in recent years, the loads for WYO4 are significantly greater than the loads for previous 
years. As stated previously, this suggests the possibility of a new source term, a new some  area not previously 
contributing contamination, andor increased transport of previously cuntributing source terms. 

’‘ For WY04 the average shown is through 9/20/04. 
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Figure 67.  Annual Pu and Am Loads at SW027: WY97-W. 

4.4 RELATIVE LOADING ANALYSIS 
This loading analysis uses data from all automated monitoring locations that are currently tributary to SW027 
(Figure 4-5). These locations are GS21, GS22, GS42, GS51, GS52, GS53, GS54, GS55, and SW036. The 
analysis is performed for the time period 12/11/02 through 8/19/04 

Table 4 4  gives location and drainage basin detail for the monitoring locations used in t& loading analysis. The 
hydrologic connectivity of these locations is shown in Figure 4- 1 

Table 44. Location and Dmlnage Basin Detall. 
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Loads for SW027, GS21, GS22, GS42, GS51, GS52, GS53, GS54, GS55, and SW036 continuous flow-paced 
samples were calculated as detailed in Appendix B. 1 Analytical Data Evaluation Methods in the RFETS 
Automated Surface-Water Monitoring: WY03 Annual Report. The ioad for any period is then the sum of the 
individual sample loads during that period. In the following section, total loads and percentages do not 
necessarily balance due to munding. 

4.4.1 Relative Subdrainage Loads: December 11,2002 through August 19,2004 

The loading analysis in this section uses all available data for the period 12/11/02 through 8/19/04 from SW027 
and the nine upstream monitoring stations (GS21, GS22, GS42. GS51, GS52, GS53, GS54, GS55, and SW036). 
This loading analysis does not address the attenuation of actinides as they are transported fiom one monitoring 
location to the next. The analysis assumes that as the period of sampling is increased, the temporal effects of 
actinide transport will not significantly af€ect the relative loads From the various subdrainages. The hydrologic 
connectivity of these locations is shown in Figure 4-8. 

I KEY 
7- 

llymwcm8k 

Notcs: SWOSS was mnovcd on 4 R W  to d e  way for Soil removal activities. Runoff mcnBured a~ SWOSS used to flow directly to the SID. During 
remediarm flown gmlually bcpn flowing to GS51. Witb the completion of the 903 PsdlLip ~muimtion,  runoff Ram mC a m  famerty monitored 
by SWOSS 18 IWW monitorrd at GS51. 

Figure 4-8. ~ m i o g f c  Connecffvify of Monitoring LocaUons Trjbutery to SWO27 (8s of 
1211 1/02), 

Figure 4- 10 and Figure 4- 1 1 indicate that the GS5 1 and GS52 subdrainages are contributing the majority of the Pu 
load estimated at SW027. Additionally, analysis shows that the Pu loads from GS5 I and GS52 have increased 
significantly in WYO4 (Figure 4-14 and Figure 4-15). This suggests that recent projects impacting these 

Figure 4-1 2 and Figure 4-13 indicate that the GS5 1 and GS52 subdrainages are also contributing the majority of 
the Am load estimated at SW027. 

I subdrainages, especially the 903 Pad/Lip remediation project, may have negatively impacted water guality. 
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Table 4-5. Comparison of Pu and Am Loads at Tributary Locations with SW027: 12i11102 
through 8119104. 

Location I Pu-23930 Load In Irg I Am-241 Load In ~rg 

I I 3.14 SW027 859.3 

Figure 4-9. Subdrainage Map for Areas Tributary to SWO27: As of 12If1102. 
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RelrUve Dralnoge k e a  Plutonium Load Cantrlbutlm to SwO27 Decembpr 11.2002 to Auguet 1 9 , 2 W  

.- ~7- 

GSS1 I 
I 

Flgum 4-10. Relative Pu Load Contributlon Chart for Locations Trlbutaty to SW027: 1211 1102 
through 8119104. 
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Figure 4-11. Relative Pu Load Contribution Pie for Locations Tributaty to SW027: 1211 1/62 
through 8/19/04. 
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Flgure 4-12 Relative Am Load ContrlbuUon Chart far Locations Tributary to SW027: 12/11/02 
through 811 9/04. 

Flgure 4-13. Relative Am Load Contribution Pie for Locations Tiibutaty to SW027: 12llll02 
through 8/19/04. 
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Figure 4-15. Annual Pu and Am Loads at GS52. 
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4.5 EROSION CONTROL MEASURES 
The Site is implementing an aggressive program of erosion control to prevent the movement of soils and 
sediments and to protect storm water and surface-water quality. The increased activities of building removal and . 
soil disturbance require rigorous erosion control methods. A number of control methods are currently being used, 
from straw bales and wattles to soil tackifiers and erosion blankets. Ultimately, distutbed sites are revegetated. 

Immediately following confinnation of reportable values at SW027, a preliminary loading analysis was 
performed that also identified the GS5 I and GS52 subdrainages as major contributor to SW027. The loading 
analysis above further confirms GS51 and GS52 as major Pu and Am load contributors to SW027. Since the 
majority of PU and Am is transported in surface water attached to particulate matter (suspended solids), a number 
of erosion controls have been added to the Site drainages, and specifically the 903 Padnip area. Although the 
903 Padnip project had been utilizing extensive erosion controls throughout the duration of the project, the 
reportable values at SW027 initiated the enhanced and more rigorous application of these controls. These 
additional conrrols were installed in the 903 Padnip area starting on 6/23/04, augmenting the preexisting erosion 
methods the Site has been routinely using. Controls have been added in the form of straw wattles, straw bales, 
and erosion matting in the areas that contribute runoff to 903 PadLip monitoring locations (Figure 4- 16). 
Additional erosion controls have been installed throughout the SW027 h m a g e  based on field walkdowns and 
monitoring data analysis identifying areas of sediment transport and specifically for projects likely to impact 
surface water. 

Figure 4-16. Erosion Contruls in'the 903 PadlLip Area as of ff12104. 
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. 1  

4.6 WATER-QUALITY TRENDS AND CORRELATIONS: SW027 

Higher than normal Pu and Am activities began to be measured at SW027 starting with the composite sample for 
the period 513 - 6/22/04 (Figure 4-17). For the period 10/1/02 - 9/20/04, the average WAm ratio at SW027 was 
5.5. No change in N A m  ratios is noted in WYO4, suggesting that recent higher activities are tiom the same area 
or source term as the activities for previous samples. For roughly the same period, a similar pattern in activities is 
noted for samples collected at GS5 1 and GS52 (Figure 4-18 and Figure 4-19). These patterns further support the 
conclusion that flow from the 903 Padnip area was affecting water quality at SW021. 
No significant waterquality improvement due to erosion controls has been observed to-date for SW027 (Figure 
4-17). This may be caused by the continued transport of residual solids in the flow pathways downstream of the 
new erosion controls. However, data from both GS5 1 and GS52 show a recent reduction in activities. 

.- 
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Figure 4-17. Individual Sample Results at SW027: iOl1102- 9IZOlM. 
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Figurn 4-18. Individual Sample Results at GS51: 1011102- 8l18104. 
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Figure 4-19. Individual Sample Results at GS52: 1011102- 1015104. 
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-__--_ 
GS51 
GS52 

Since Pu and Am are transported attached to suspended solids, an increase in suspended solids activity (sample 
activity divided by TSS concentration [Pcilg]) suggests the increased contribution of a relatively more 
contaminated area, and/or sediment transport from a previously non-contributing area or source term. Higher than 
normal Pu and Am suspended soIids activities began to be measured at SW027 in WYO4 (Figure 4-20). The 
WYO4 suspended solids activities at SW027 are of similar magnitude to those fiom GS51 and GS52 (Table 4-6). 

-.- T"." 

6.3 22.8 
5.3 80.8 

Table 4-6. WYO4 Suspended Solids Acfivities at SW027, GS51, and OS52. 

Location I Average Suspended sdlds Am Actlvlty tpC Val I Average Suspended Sallds Pu ActMty tpC Ug] 
sw037 I A 9  I A9 C; 

Fractionation of both soils in dace-water runoff and radionuclides in sols is undoubtedly occurring in the area. 
Both mechanical and physiochemical suspension mechanisms suggest pmferential suspension of certain fiactions 
of the surface soil in stormwater runoff. Fractionation may occy as a fmction of particle size, density, andlor 
surface chemistry. Furthermore, PU and Am may associate preferentially with certain fiactions of the soil based 
on surface area and/or surface chemistry. The net result may be a drastically different specific activity of 
suspended material in the surface water as compared to specific activity of the surface soils. 
Regardless, the increase in suspended solids activity at SW027 is likely due to the increased contribution of 
relatively more contaminated suspenw solids h m  areas not previously susceptible to erosion. The removal of 
vegetation and the extensive disturbance of previously stable soil areas in the 903 PadlLip area are the likely 

Since Pu and Am are transported attached to suspended solids, an increase in TSS can result in corresponding 
increases in activity. The amount of TSS in moff depends on a number of factors including the availability of 
disturbed soils (e.g. unconsolidated and unvegetated soil), stom intensity (i.e. precipitation farces), and nmoff 
intensity (flow rates). A deviation in the typical relationship between flow rate and TSS suggests increased 
availability of transportable soils. F i p e  4-21 shows that WYO4 turbidities (as an indication of TSS) relative to 
flow rate are generally higher than for WY03 and prior data. This suggests that soils in the SW027 drainage are 
more susceptible to transport for a given flow rate than for previous years. Similarly, WYO4 TSS data show 
higher values relative to flow rate than for previous years (Figure 4-22). These patterns suggest that the recent 
higher activities at SW027 may be the result, at least in part, to the increased transport of legacy contamination 
associated witb soil and sediment, and not new sources. 

-Uses. 

, .:. 
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Temporal Varlation of Suspended SoHds &Wty at SWO27 
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Flgum 4-20. Temporal Varlatibn of Suspended Solids Actlvity at SWV27: All RFCA Dat8. 
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Figure 4-21. Variation of Mean Dally Turbidity with Flow Rate at SW027. 
, .  
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Figure 4-22. Variation of Sample TSS with Flow Rate at SW027. 

4.7 

During the period of repoaable values at SW027, several projects Within the SW027 dramage were occurring. 
The loading analysis and waterquality correlations presented above indicate that remediation activities within the 
903 Pad/Lip area are likely to have had the most significant impact to water-quality at SW027. 

SITE ACTIVITIES AND PROJECTS IN AREAS TRIBUTARY TO SW027 

4.7.1 903 Pad Accelerated Actions 
Remediation activities at the 903 Padnip area began in mid-November 2002, with remediation activities in the 
Outer Lip beginning in the end of April 2004. The IMIRA for IHSS Group 900-1 1 (Kaiser-Hill, 2004b) provides 
background for this project. The 903 Pad/Lip area flows to both the SID (POE SW027) and South Walnut Creek 
(POE GS10). The portion of the 903 Pad tributary to SW027 is upstream of monitoring locations GS42, GS51, 
GS52, GS53, and GS54 (Figure 4-16). 

During WYM, disturbed soils associated with the remediation effort were available for transport in moff  ' n e  
loading analysis above showed that the loads from both GS5 1 and GS52 increased significantly in WYO4. In 
addition, the removal of vegetation and the likely compaction of soil due to vehicle W i c  resulted in significantly 
increased runoff rates fiom the area. GS51, GS52, and GSU began operation on 8/13/01,7/25/01, and 8/1/01 
respectively. Table 4-7 shows a comparison of peak flow rates for the periods before and after 511 8/04, when 
active remediation in the Outer Lip began in areas tributary to GS51, GS52, and GS53. These changes in peak 
runoff are not solely a finction of storm she; WYO4 precipitation event depths and fizquemy were not radically 
different than WY03. 

_. 
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Location Peak Flew [cfs]; Date 
Thmugh YlBIW 

GS51 0.71 1; 5l10103 
GS52 0.004: 3/26/03 
GS53 0.003; 3/26/03 
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. Peak F l w  [cfs]; Date 
. AIIerYl€UM 

1.41; 10/6/04 
2.77; 7123104 

0.209; 6/29/04 

. . . ,  . 

Figure 4-23 through Figure 4-25 show the WY02 - WYO4 annual discharge volumes from GS5 1, GS52, and 
GS53. GS52 and GS53 show orders of magnitude more runoff volume.” GS5 1 does not show more runoff in 
WYO4 compared to WY03. Prior to the 903 Pa!aanip activities, a significant portion of the GS5 1 drainage 
included relatively impervious dirt mads and 903 PadlLip activities had a lesser impact. 

~ 

Annual Discharge Volumes at 0851: WYO2 to MU4 
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Figure 4-23. Annual Discharge Volumes at GS51: WY02-04. , 
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Figure 4-24. Annual Discharge Volumes at GS52: WY0244. 
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Figure 4-25. Annual Discharge Volumes at OS52 WYO2-04. 
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As the 903 Pad/Lip project excavated soils fiom specific grid cells, confirmation samples were collected to 
establish that any remaining contamination was below acceptable levels. The date of these confirmation samples 
provides a method of tracking the remediation progress. 
Figure 4-26 shows that as of 511 9/04, only soil areas tributary to GS54 had been excavated. Figure 4-27 shows 
the hydrographs for the period From the start of Outer Lip remediation (4/30/04) through 5/18/04. During this 
period, no appreciable flow was measured at GS54. This is likely due to &e effective use of erosion mattin&*, 
lower gradients in the subdrainage, and large vegetated areas between the excavated areas and GS54. The flow 
rates at GS54 during this period are comparable to flows m past years. No sjgnificant areas of soil had been 
excavated upstream of GS51, GS52, or GS53 as of 511 8/04. Flow rates at these locations during this period are 
comparable to flows in past years. 

38 Aerial photos suggest tha~ erosion matting was installed in the GS54 subdrainage soon after excavation. 
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Figure 4-28 shows that as of 6/30/O4, soil areas tributary to all locations had been excavated. Additionally, aerial 
photos suggest that vegetation in areas outside the excavations had been damaged due to vehicle traffic (soils are 
also assumed to have been compacted accordingly). This is especially significant upstream of GS52 and to a 
lesser extent GS53. Figure 4-29 shows the hydrogaphs for the period from 5/19/04 through 6/29/04. During this 
period, the highest flow rates measured to date were recorded at GSSI, GS52, and GS53. The fact that GS53 flow 
rates were significantly lower lhan GS52 is likely due to the following: a lower percentage of the subdrainage bad 
been excavated, nmoff from the upper reaches of the subdrainage was routed to a small retention pond, larger 
areas of vegetation remained, a small ‘bench’ in the upper reaches of the subdrainage may have attenuated flows, 
and a ditch immediately upstream of GS53 detained a portion of the runoff. Sample TSS results at GS51 and 
GS5239 also showed the highest values to date (6,700 mglL at GS51; 5,000 mg/L at GS52). 

Figure 4-28. 903 PadlLip Soil ExcavaUon Areas as of 6130104. . 

39 TSS data was not available at GS53 since samples were not collected within the 7-day hold time criteria. 
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..Î .- ... ., _.̂ ,._ . .  1 

;.. . 

. . .. .. 



0 5 4  F-00087 
Final Source Evaluation Repartfor Points of Evaluation GSIO, SW027. undSW093: Water Year 2004 

Figure 4-30 shows that as of 7/25/04, soil areas tributary to all locations had been excavated. As stated 
previously, aerial photos suggest that vegetation in areas outside the excavations had been damaged due to vehicle 
traffic (soils are also assumed to have been compacted accordingly). This is especially significant upstream of 
GS52 and to a lesser extent GS53. Figure 4-3 1 shows the hydrographs for the period from 6/30/04 through 
7/24/04. During this period, the highest flow rates measured to date were recorded at GS5 1 and GS52; GS53 flow 
rates were sipificantly lower. The fact that GS53 flow rates were significantly lower than for previous events 
may be due to successful implementation of erosion controls. Sample TSS results at both GS5 1 and GS52" 
showed significantly reduced concentration, again likely due to enhanced erosion controls. While sediment loads 
were reduced by the reduction in precipitation forces (erosion matting) and runoff filtering (wattles and straw 
bales), runoff rates continued to be high due to compacted soils and lack of vegetation. 

, .  

9 

TSS data was not available at GS53 since samples were not collected within the 7-day hold time criteria. 
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Figure 4-32 shows that as of 8/20/W, the majority of Outer Lip soil areas scheduled for remediation had been 
excavated. Figure 4-33 shows the hydrographs for the period from 7/25/04 through 8/19/04. During this period, 
flow rates were significantly lower at GS52, with virtually no flow measured at GS53. The fact that GS52 and 
GS53 flow rates were significantly lower than previous is likely due to successful implementation of erosion 
controls. Sample TSS results at GS52" showed significantly reducedzoncentration (46 ma), again likely due to 
enhanced erosion controls. 

c 

Figure 4-32. 903 PadlLIp Soil Gccavatlon Areas as of 8120104. 

" TSS data was not available at GS51 and GS53 since samples were not collected within the 7day hold time criteria. 
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Figure 4-34 shows that as of 9/17/04 (completion of 903 Pad/Lip project), all Outer Lip soil areas scheduled for 
remediation had been excavated. Figure 4-35 shows the hydrographs for the period !tom 8/20/04 through 
10/13/04. During this period, low flow rates at GS52, GS53, and GS54 continued to be measured, likely due to 
successfbl implementation of erosion controls. The continued high flow rates at GS5 1 are likely due to the large 
areas of unvegetated areas and relatively impervious soils associated with former dirt roads. It should also be 
noted that sample TSS results at GS52" continued to show significantly reduced concentration (58 mg/L,; 26 
m a ) ,  again likely due to enhanced erosion controls. 

Figure 4-34. 903 PadlLip Soil hcavation Areas as of 911 7104. 

r , ,  

l 

TSS data was not available at GS51 and GS53 since samples were not collected within the 7day hold time criteria. ~ 
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4.8 SUMMARY AND CONCLUSIONS 

The Site has completed the WYO4 phase of the ongoing source evaluation for the potential cause(s) of reportable 
30-day moving average values for Pu and Am at the POE monitoring location SW027. As for previous reports, 
the Site concludes that the likely source of the reportable 30day moving average values at SW027 is d i h e  
actinide contamination associated with soils and sediments @om past Site operations released to th i  environment 
through events and conditions over past years. This actinide contamination is transported with suspended solids 
in surface-water moff during precipitation events. 
Based on the above evaluation, Site personnel conclude that no specific remedial action@) is indicated at this 
time, other than scheduled remedial actions and closure activities for the Site. The removal of source areas, the 
implementation of enhanced erosion controls, and the reduction of runoff as the Site moves toward Closure all 
serve to improve water-quality in the long-term. The surface-water monitoring conducted at the Site has provided 
valuable information regarding the near-term impacts to water quality to aid the Closure projects in developing 
targeted methods for reducing the transport of low-level contamination. This source investigation has identified 
no previously unknown localized source@) of contamination that WaRitnt targeted remediation based on the 
available information. The current conclusions are summarized below: 

0 Data collected from the upcoming Pond C-2 discharge are expected to show that the Site retention ponds 
continue to effectively remove suspended solids and any k i a t e d  contamination from the water column. Pu 
and Am activities at he fenceline POCs remain well below reporting thresholds. 

Based on the details regarding recent Site activities outlined above, it is concluded that specific DLD, 
construction, environmental remediation, and excavation operations caused increased transport of low-level 
contamination associated with suspended solids in d a c e  water that are likely to have resulted in the recent 
reportable values measured at SW027. Evaluation suggests that project activities associated with IHSS Group 
900-1 1 (903 Padnip) resulted in the largest impacts to water quality at SW027. 

The loading analysis indicates that the GS5 1 and GS52 subdrainages are contributing the vast majority of the 
actinide load at SW027. Additionally, analysis shows that the Pu and Am loads from both GS5 1 and GS52 
have increased significantly in WYO4. This suggests that recent projects impacting these subdrainages, 
especially the 903 Pad/L.ip, may have negatively impacted water quality. 

Pu and Am suspended solids activities at SW027 show a significant increase in WYO4 (Figure 4-20). In 
conjunction with the increased activities at SW027, this suggests the increased contribution of a relatively 
more contaminated area, andor solids transport from a previously non-contributing area or source term. For 
roughly the same period, these suspended solids activities are comparable to those at GSS 1 and GS52. 

Figure 4-21 shows that WYO4 turbidities (as an indication of TSS) at SW027 relative to flow rate are 
generally higher than for WY03 and prior data. This suggests that soils in the SW027 drainage are more 
susceptible to transport for a given flow rate than for previous years. Similarly, WYO4 TSS data at SW027 
show higher values relative to flow rate than for previous years (Figure 4-22). TSS results from both GS5 1 
and GS52 also show unusually high values. These patterns suggest that the recent higher activities at SW027 
may be the result, at least in part, to the increased transport of legacy contamination associated with soil and 
sediment, and not solely a new source term. 

Comparisons of hydrologic patterns at the 903 Padnip monitoring stations with excavation progress support 
the conclusion that remediation activities resulted in both increased runoff and increased transport of 

0 

0 

0 

0 

December 2004 4-32 



. I  05-RF-00087 
Final Source Evaluation Reportfor Points of Evaluation GSIO, SW027, and SW093: Water Year 2004 

suspended solids. The comparison also suggests that BMPs are effective at reducing both runoff and erosion. 
As soils stabilize and vegetation is reestablished, continued water-quality improvement is expected 

Targeted erosion controls have proven to be effective in reducing runoff rates and sediment transport and 
associated contamination at selected locations. This is especially true for locations upstream of SW027 
(nearer to the source terms) such as GS51, GS52, and GS53. No improvement is noted for SW027, most 
likely due to the continued transport of residual solids in the flow pathways downstream of the erosion 
controls. In the long-term, water quality is expected to improve at SW027 as these solids stabilize in the 
system, additional erosion controls are installed, source areas are removed, disturbed soils are stabilized, and 
runoff is reduced due to the establishment of vegetation. 

0 

The Site's proposed course of action includes: (1) continuing observation (routine monitoring), and (2) 
installation and maintenance of enhanced erosion controls in the drainage areas upstream of SW027 as part of the 
overall Closure process. Effective BMPs, such as the use of the existing terminal ponds to clarifj. stormwater of 
potentially-contaminated sediment and particulate matter, will also be continued. Specifically, DOE and the K- 
H Team propose the following actions as the path forward: 

0 Continued observation and ongoing data interpretation to provide better understanding of actinide transport 
directly related to the operation of the Site automated surface-water monitoring network and the effectiveness 
of erosion contmls 

Implementation and maintenance of enhanced erosion controls 8s an integral part of Site Closure 

Continued use of the existing retention ponds as an effective BMP to clarify stormwater containing 
potentially contaminated sediment and particulate matter, and 

0 

0 Continued reporting as appropriate 

. .  

I . _  
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